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ABSTRACT

An implantable device for improving the pump function of
the heart of a human patient by applying an external force on
the heart muscle is disclosed. The device includes at least
one pump device having a pump. The pump includes: a
piston adapted for reciprocating movement, an operating
device for operating the piston, and a heart contacting organ.
The movement of the piston assists the pump function of the
heart through the heart contacting organ.

18 Claims, 59 Drawing Sheets
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1
Dissecting a part of the human body comprising bone,

2

Fixating said fixation member to the bone, such that |
said fixation member is in contact with said
connection arm.

3 \
Crealing an opening in the thoracic diaphragm,

.........

Inserting said connecting arm into the thorax
through the opening in the thoracic digphragm.

Placing an operatling device in the abdomen of
the patlient.
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HEART HELP DEVICE, SYSTEM, AND
METHOD

This application is a divisional of U.S. Pat. No. 9,005,104,
filed 21 Jun. 2013, which is a continuation of U.S. Pat. No.
8,469,874, filed Apr. 11, 2011, which is the U.S. national
phase of International Publication No. W02010/042009,
filed 12 Oct. 2009, which designates the U.S. and claims
priority to Swedish Application Nos. 0802141-2: 0802140-
4; 0802139-6: 0802143-8; 0802144-6, and 0802142-0, all
filed on 10 Oct. 2008, respectively, and which claims the
benefit of U.S. Provisional Nos. 61/202,383; 61/202,382;
and 61/202,380, all filed on 24 Feb. 2009, respectively, and
61/202,405, 61/202,406, 61/202,407, 61/202,404 and
61/202,393, all filed on 25 Feb. 2009, respectively, the entire
contents of each of which are hereby incorporated by
reference.

TECHNICAL FIELD

A device for improving the pump function of the heart of
a human patient is provided. A device for placing and
fixating said heart help device in a human patient is also
provided.

BACKGROUND

Cardiac compression is a known method of assisting a
failing heart and has been used for many years. In its most
simple form it is applied on the chest either manually or
using an automatic chest compression device. The external
methods are basically simple life-saving methods and can
only be used to alleviate acute heart failures.

However, long lasting heart failure is ever increasing,
despite the advancements in cardiology. Implantable
mechanical heart compression devices could potentially
provide treatment for many patients suffering from a failing
heart.

On average a human heart beats 31 million times per year
which gives an enormous strain in on any mechanical
element that wishes to assist or replace the natural heart.
Therefore it is desirable o have a heart help device with few
moving parts, and where the moving parts are made of an
extremely durable material. This way the device can operate
for a long time without needing maintenance. Furthermore
it would be preferable to have a fixation device and method
for fixating said heart help device and occasionally existing
motor, energizing members and control logic.

SUMMARY

A first object is to provide a device for helping the pump
function of the heart. One embodiment is made of a durable
material so that it can operate for long times without needing
maintenance.

A second object is to provide a device and a method for
sturdy fixation of a heart help device. A sturdy and secure
fixation will alleviate the heart from the weight of that of the
heart help device, driving members, energizing units and
control logic.

According to a first aspect an implantable device for
improving the pump function of the heart of a human patient
is provided. The device operates by applying an external
force on the heart muscle of the patient. The device com-
prises at least one pump device which in turn comprises a
piston adapted for reciprocating movement, an operating
device, such as a motor or a transmission member in contact
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with the motor, for operating the piston. Furthermore the
pumping device have a heart contacting organ that exerts
force on the heart muscle through the movement of the
piston.

According to one embodiment the device comprises two
of said pump devises, which could operate on the anterior
and posterior side of the heart, respectively.

According to another embodiment the heart contacting
organ is a part of the piston, however it could also be a
separate member comprising circular or rectangular plates.
It is also conceivable that the heart contacting organ com-
prises arms movable by the piston, that extends from the
piston using for example a joint, that in turn contacts the
heart. The arms can be replaceable for adoption or mainte-
nance purposes, and movable manually or using a motor.

It is furthermore conceivable that the piston is arranged in
a sleeve to isolate the moving parts from the surrounding
tissue.

Drive

According to one embodiment the pump device is oper-
ated by pressurized fluid in one direction and by vacuum in
the opposite direction, it is however also conceivable that the
pump device is operated by pressurized fluid in both direc-
tions. For the operation using pressurized fluids a pressur-
ized fluid system may be required, which in turn may require
a valve system and one or more pressurized chambers.

According to one embodiment the implantable the pres-
surized fluid presses said piston adapted for reciprocating
movement so that said piston affects said heart contacting
organ.

According to one embodiment the implantable pump
device is operated using a magnetic motor. The magnetic
motor could be operated by successive energizing of coils in
connection with magnets.

According to one embodiment the implantable pump
device could be operated using a solenoid or a motor. The
motor could be one selected from the group consisting of:
electric motor, hydraulic motor, pneumatic motor and servo
motor. The implantable device could further comprise an
implantable control unit, which could be adapted to be
controlled from outside of the human body.

The implantable device according to claim 10, wherein
said pressurized fluid system further comprises two pressur-
ized chambers, the first chamber adapted to have a high
pressure and the second chamber having a low pressure,
wherein said piston is adapted to use the large pressure
chamber for moving said piston in both directions with
pressurized high pressure fluid, further adapted to use the
low pressure chamber for emptying the opposite side of said
piston, when moved by said high pressure fluid, and further
comprising a valve system to direct the low and high
pressure chamber to the right side of said piston.

Fixation

To achieve a sturdy fixation it is conceivable that the first
or second pump device of the implantable device is adapted
to be fixated to the sternum, at least one rib or to at least one
vertebra. The fixation could be done using a fixating member
that could comprise screws, adhesive at least one plate or
other mechanical fixating members.

Material

According to one embodiment the implantable device
comprises ceramic or carbon material. It is also conceivable
that said piston, operating device and/or heart contacting
organ comprises ceramic or carbon material.

Pressing Position

To affect the heart muscle in a good way, the implantable

device could have a heart contacting organ adapted to exert
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an external force on the left and/or the right ventricle of said
heart. It is also conceivable that the heart contacting organ
is adapted to exert an external force on two different sides of
the left and/or the right ventricle of said heart.

According to one embodiment the heart contacting organ
could be adapted to be movable to change the position of
said force exerted on said external part of said heart muscle.
The heart contacting organ could be movable using a motor
which could be a motor of any of the types previously
discussed and could be operable form outside of the human
body. It is also conceivable that the heart contacting organ is
located on an arm which in turn is operable to change the
position of the force exerted on the heart.

System

According to one embodiment an implantable device
system for improving the pump function of the heart of a
human patient is provided. The system operates by applying
an external force on the heart muscle. The implantable
device system comprises: at least one pump device which in
turn comprises: a piston adapted for reciprocating move-
ment, an operating device, such as a motor or a transmission
member in contact with the motor, for operating the piston.
Furthermore the pumping device have a heart contacting
organ that exerts force on the heart muscle through the
movement of the piston. The system further comprises at
least one fixating member adapted to fixate said at least one
pump device to said human patient.

According to one embodiment the implantable device
system comprises at least one fixating member adapted to
fixate said at least one pump device to the sternum, at least
one rib and/or at least one vertebra of said human patient.

According to one embodiment said at least one pump
device is a adapted to compress at least one portion of a
tissue wall of said heart. The pump device is further adapted
to stimulate at least a portion of said tissue wall of said heart
to further compress said tissue wall. The stimulation of the
tissue wall of the heart could be performed using electrical
stimulation. The implantable device could further comprises
a control unit adapted to control said compression and/or
said stimulation of said tissue wall of said heart, the control
unit could be adapted to control the compression and/or
stimulation from outside of the human body.

Another object is to provide a method of improving the
pump function of the heart of a human patient by applying
an external force on the heart muscle using the implantable
device. The method comprising the steps of: creating a
reciprocating movement of said piston adapted for recipro-
cating movement using said operating device for operating
said piston, assisting the pump function of the heart through
said heart contacting organ exerting an external force on said
heart muscle through the connection with said piston.

According to one embodiment the device is a part of a
system that may comprise a switch for manually and non-
invasively controlling the device. The switch is according to
one embodiment an electric switch and designed for subcu-
taneous implantation.

According to another embodiment the system further
comprises a hydraulic device having a hydraulic reservoir,
which is hydraulically connected to the device. The device
could be manually regulated by pressing the hydraulic
reservoir or automatically operated using a wireless remote
control.

The wireless remote control system comprises, according
to one embodiment, at least one external signal transmitter
and an internal signal receiver implantable in the patient for
receiving signals transmitted by the external signal trans-
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mitter. The system could operate using a frequency, ampli-
tude, or phase modulated signal or a combination thereof.

According to one embodiment the wireless control signal
comprises an analogue or a digital signal, or a combination
of an analogue and digital signal. It is also conceivable that
the signal comprises an electric or magnetic field, or a
combined electric and magnetic field. According to another
embodiment the wireless remote control further transmits a
carrier signal for carrying the wireless control signal, said
signal could comprise a digital, analogue or a combination
of digital and analogue signals.

For supplying the system with energy it comprises,
according to one embodiment, a wireless energy-transmis-
sion device for non-invasively energizing said device.
According to said embodiment the energy-transmission
device transmits energy by at least one wireless energy
signal, which for example comprises a wave signal such as
an ultrasound wave signal, an electromagnetic wave signal,
an infrared light signal, a visible light signal, an ultra violet
light signal, a laser light signal, a micro wave signal, a radio
wave signal, an x-ray radiation signal and a gamma radiation
signal.

It is further conceivable that the energy signal comprises
an electric or magnetic field, or a combined electric and
magnetic field, which can be transmitted using a carrier
signal such as a digital, analogue or a combination of digital
and analogue signals.

According to one embodiment the system further com-
prises an energy source for powering said device, which can
be an implantable or external energy source or a combina-
tion thereof, in which case the internal and external energy
sources can be in electric communication.

In an embodiment in which the system comprises an
internal energy source, a sensor sensing a functional param-
eter correlated to the transfer of energy for charging the
internal energy source may be provided, it is furthermore
conceivable that a feedback device for sending feedback
information from the inside to the outside of the patient’s is
provided.

According to another embodiment the system further
comprises a sensor sensing a parameter such as a functional
or physical parameter. Said functional parameter is, accord-
ing to one embodiment, correlated to the transfer of energy
for charging an internal energy source implantable in the
patient. Said embodiment could furthermore comprise a
feedback device for sending feedback information from
inside to the outside of the patient’s body and an implantable
internal control unit for controlling the sensing. Above
mentioned physical parameter could be one of body tem-
perature, blood pressure, blood flow, heartbeats and breath-
ing, and the sensor could be a pressure or motility sensor.

According to one embodiment the system could further
comprise an external data communicator and an implantable
internal data communicator communicating with the exter-
nal data communicator, wherein the internal communicator
feeds data related to said device or the patient to the external
data communicator and/or the external data communicator
feeds data to the internal data communicator. It is also
conceivable that the system further comprises an operation
device for operating said device, such as a motor or a pump,
which can be electrically, hydraulically or pneumatically
operated.

According to another embodiment the system has an
energy-transmission device for transmitting wireless energy,
wherein the wireless energy is used to directly power the
operation device through for example creating kinetic
energy for the operation of said device.
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In embodiments where the system comprises an energy-
transmission device for transmitting wireless energy, an
energy-transforming device for transforming the wireless
energy from a first form into a second form may be provided.
Said energy-transforming device may directly power by the
second form of energy. The energy could be in the form of
a direct current or pulsating direct current, or a combination
of a direct current and pulsating direct current, or an
alternating current or a combination of a direct and alter-
nating current, it is also conceivable that the energy is in the
form of magnetic energy, kinetic energy, sound energy,
chemical energy, radiant energy, electromagnetic energy,
photo energy, nuclear energy or thermal energy. The system
may further comprise an implantable accumulator for stor-
ing energy.

To prevent damage of the system it is conceivable that it
comprises implantable electrical components including at
least one voltage level guard and/or at least one constant
current guard.

An operation method for surgically placing an implant-
able device for improving the pump function of the heart of
a human patient by applying an external force on the heart
muscle is further provided. The device comprises at least
one heart contacting organ, comprising: a piston adapted for
reciprocating movement, an operating device for operating
the piston, wherein the movement of the piston direct or
indirect is adapted to be transported to said heart contacting
organ to assist the pump function of the heart, wherein said
piston is adapted for reciprocating movement using pressur-
ized fluid in both movement directions. The method is
performed via a laparoscopic thoracic approach. The method
comprises the steps of: inserting a needle or a tube like
instrument into the thorax of the patient’s body, using the
needle or a tube like instrument to fill the thorax with gas
thereby expanding the thoracic cavity, placing at least two
laparoscopic trocars in the patient’s body, inserting a camera
through one of the laparoscopic trocars into the thorax,
inserting at least one dissecting tool through one of said at
least two laparoscopic trocars and dissecting an intended
placement area in the area of the heart of the patient, placing
the movable heart contacting organ onto the heart of the
patient, placing the operating device, operating said heart
contacting organ to periodically exert force on the outside of
said heart, withholding force from the sternum or ribs or
vertebra, connecting a source of energy for powering said
implantable device for improving the pump function of the
heart operating said reciprocating piston by pressurized
reciprocating movement. The operation device of the
method could be adapted to be controlled from outside of the
body non-invasively.

An operation method for surgically placing an implant-
able device for improving the pump function of the heart of
a human patient by applying an external force on the heart
muscle. The device comprising at least one heart contacting
organ, comprising: a piston adapted for reciprocating move-
ment, an operating device for operating the piston, wherein
the movement of the piston direct or indirect is adapted to be
transported to said heart contacting organ to assist the pump
function of the heart, wherein said piston is adapted for
reciprocating movement using pressurized fluid in both
movement directions, a method performed via thorax. The
method comprises the steps of: cutting the skin and opening
the thorax dissecting an intended placement area in the area
of the heart of the patient, placing the movable heart
contacting organ onto the heart of the patient, placing the
operating device, operating said heart contacting organ to
periodically exert force on the outside of said heart, with-
holding force from the sternum or ribs or vertebra, connect-
ing a source of energy for powering said implantable device
for improving the pump function of the heart operating said
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reciprocating piston by pressurized reciprocating move-
ment. The operation device of the method could be adapted
to be controlled from outside of the body non-invasively.

The heart assistant device may include an energy receiver
or energy source adapted to be placed in the abdomen.

The heart assistant device comprising an electric wire
adapted to connect said heart assistant device or drive unit
to an internal energy source, said wire adapted to pass into
the right atrium of the heart and further up in the venous
blood vessel system, exiting the blood vessel system in or
closer to the subcutaneous area, wherein said internal energy
source is adapted to be connected to said wire via the
subcutaneous area.

The heart assistant device preferable comprising;
an internal control unit,

a sensor sensing physiological electrical pulses or muscle
contractions of the heart,

wherein said control unit controls said heart assistant device
according to the sensed information.

The heart assistant device according to claim 10, wherein
said internal energy source, comprising an internal control
unit adapted to transmit energy pulses to said electrode for
achieving heart muscle contractions and controlling heart
contractions, wherein said control unit is adapted to coor-
dinate the heart assistant device with the heart contractions.

In one embodiment a method of surgically placing an
active heart assistant device outside a patient’s heart via a
laparoscopic thoracic approach, the method comprising the
steps of:

inserting a needle or a tube like instrument into the thorax

of the patient’s body,

using the needle or a tube like instrument to fill the thorax

with gas thereby expanding the thoracic cavity,
placing at least two laparoscopic trocars in the patient’s
body,

inserting a camera through one of the laparoscopic trocars

into the thorax,
inserting at least one dissecting tool through one of said
at least two laparoscopic trocars and dissecting an
intended placement area of the patient’s heart,

placing the heart assistant device in the placement area in
the thorax as one or more pieces comprising;

placing the heart contacting organ affecting the blood

stream,

placing a drive unit creating kinetic movement to be used

by the heart contacting organ,

mounting a fixation device in a stable position to human

bone allowing said drive unit and kinetic movement to
get necessary contra force,

placing a respiration movement compensator for compen-

sating for the respiratory movement of the heart in
relation to the stable bone position, and

placing and connecting an implanted energy receiver or

an internal source of energy for powering the heart
assistant device to perform at least one of the following
method steps;
at least partly compressing the heart and at least partly
relaxing the heart assistant device to support the hearts
pumping mechanism from the outside thereof.

In another embodiment an operation method for surgi-
cally placing an active heart assistant device in relation to a
patient’s heart, the method comprising the steps of:

cutting the patient’s skin,

opening the thoracic cavity,

dissecting a placement area where to place the heart

assistant device inside in relation to the heart,
placing the heart assistant device in the placement area in
the thorax as one or more pieces comprising;
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placing the heart contacting organ affecting the blood

stream,

placing a drive unit creating kinetic movement to be used

by the heart contacting organ,

mounting a fixation device in a stable position to human

bone allowing said drive unit and kinetic movement to
get necessary contra force,

placing a respiration movement compensator for compen-

sating for the respiratory movement of the heart in
relation to the stable bone position, and

placing and connecting an implanted energy receiver or a

internal source of energy for powering the heart assis-
tant device to perform at least one of the following
method steps;
at least partly compressing the heart and at least partly
relaxing the heart assistant device to support the hearts
pumping mechanism from the outside thereof.

In yet another embodiment a method of surgically placing
an active heart assistant device in relation to a patient’s heart
via a laparoscopic abdominal approach, the method com-
prising the steps of:

inserting a needle or a tube like instrument into the

abdomen of the patient’s body,

using the needle or a tube like instrument to fill the

abdomen with gas thereby expanding the abdominal
cavity,

placing at least two laparoscopic trocars in the patient’s

abdomen

inserting a camera through one of the laparoscopic trocars

into the abdomen,

inserting at least one dissecting tool through one of said

at least two laparoscopic trocars and

dissecting and creating an opening in the diaphragm

muscle,

dissecting an intended placement area of the patient’s

heart through said opening,

placing the heart assistant device in the placement area in

the thorax as one or more pieces comprising;

placing the heart contacting organ affecting the blood

stream,

placing a drive unit creating kinetic movement to be used

by the heart contacting organ,

mounting a fixation device in a stable position to human

bone allowing said drive unit and kinetic movement to
get necessary contra force,

placing a respiration movement compensator for compen-

sating for the respiratory movement of the heart in
relation to the stable bone position, and

placing and connecting an implanted energy receiver or

an internal source of energy for powering the heart
assistant device to perform at least one of the following
method steps;
at least partly compressing the heart and at least partly
relaxing the heart assistant device to support the hearts
pumping mechanism from the outside thereof.

Alternatively an operation method for surgically placing
an active heart assistant device in relation to a patient’s
heart, the method comprising the steps of:

cutting the patient’s skin,

opening the abdominal cavity,

dissecting and creating an opening in the diaphragm

muscle,

dissecting a placement area where to place the heart

assistant device through said opening,

placing the heart assistant device in the placement area in

the thorax as one or more pieces comprising;
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placing the heart contacting organ affecting the blood

stream,

placing a drive unit creating kinetic movement to be used

by the heart contacting organ,

mounting a fixation device in a stable position to human

bone allowing said drive unit and kinetic movement to
get necessary contra force,

placing a respiration movement compensator for compen-

sating for the respiratory movement of the heart in
relation to the stable bone position, and

placing and connecting an implanted energy receiver or

an internal source of energy for powering the heart
assistant device to perform at least one of the following
method steps;
at least partly compressing the heart and at least partly
relaxing the heart assistant device to support the hearts
pumping mechanism from the outside thereof.

The four operation methods above, wherein the step of
placing the heart assistant device additionally may comprise
the step of:

supplying kinetic power from said drive unit to said heart

assistant device causing movement of said heart con-
tacting organ.

The four operation methods additionally may comprise
the method step of:

connecting the drive unit with an implantable energy

receiver or an internal energy source for powering said
drive unit.

The operation method for surgically placing a heart assis-
tant device in a patients heart or blood vessel combining the
methods with a thoraxial approach and a abdominal
approach is a preferred embodiment.

The operation method, wherein the drive unit further
comprising a stator and a rotor adapted to be driving at least
a part of the heart assistant device with rotational energy is
yet another alternative, the method further comprising the
steps of:

placing said stator and rotor in the abdomen or thorax,

wherein said rotor is connecting to said heart assistant
device,

supplying energy to said stator to rotate said rotor and

thereby causing Kinetic energy to be transported to said
heart assistant device.

The operation method may comprise that an opening is
performed from the abdomen through the thoracic dia-
phragm for placing the energy receiver or energy source in
the abdomen.

The operation method, wherein said opening is performed
in the thoracic diaphragm, is preferable positioned at the
place where the pericardium is attached to the thoracic
diaphragm.

In yet another method the heart assistant device or drive
unit is using energy, direct or indirect, from an external
energy source, supplying energy non-invasively, without
any penetration through the patient’s skin, for powering the
heart assistant device or drive unit.

Alternatively said heart assistant device or drive unit is
connected to an internal energy source via a cable, the
method of placement further comprising;

dissecting and placing a wire connected to the heart

assistant device or drive unit into the right atrium of the
heart and further up in the venous blood vessel system,
exiting the blood vessel system in or closer to the sub-
cutaneous area, such as in the vena subclavia, vena
jugularis or vena brachialis
placing an internal energy source in the subcutaneous area or
close thereto or in the thorax or abdomen,
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supplying from an external energy source energy non-
invasively, without any penetration through the
patient’s skin, to power the internal energy source for
indirect or direct power the heart assistant device or
drive unit.

The operation method of placement may further com-
prise;

placing an electrode in the right atrium or ventricle of the

heart

placing the wire to the electrode via the right atrium of the

heart and further up in the venous blood vessel system,
exiting the blood vessel system in or closer to the sub-
cutaneous area, such as in the vena subclavia, vena
jugularis or vena brachialis,
placing an internal control unit in the subcutaneous area or
close thereto or in the thorax or abdomen, the method further
comprising at least one of the following steps;
transmitting energy pulses from said electrode for con-
trolling heart contractions, and

coordinating the heart assistant device or drive unit.

In yet another embodiment the operation method of
placement further comprising;

placing an electrode in the right atrium or ventricle of the

heart

placing the wire to the electrode via the right atrium of the

heart and further up in the venous blood vessel system,
exiting the blood vessel system in or closer to the sub-
cutaneous area, such as in the vena subclavia, vena
jugularis or vena brachialis,
placing an internal control unit in the subcutaneous area or
close thereto or in the thorax or abdomen, the method further
comprising at least one of the following steps;

receiving sensor input relating to electrical pulses or

muscle contractions of the heart,

coordinating the heart assistant device or drive unit based

on said sensor input.

A method of surgically placing an active heart assistant
device outside a patient’s heart via a laparoscopic thoracic
approach is further provided by inserting a needle or a tube
like instrument into the thorax of the patient’s body. The
needle or a tube like instrument is used to fill the thorax with
gas thereby expanding the thoracic cavity. At least two
laparoscopic trocars can be placed in the patient’s body and
a camera can be inserted into the thorax through one of the
laparoscopic trocars. At least one dissecting tool can be
inserted through one of said at least two laparoscopic trocars
and dissecting an intended placement area of the patient’s
heart. A heart assistant device can be placed affecting the
blood stream. An implanted energy receiver or an internal
source of energy for powering the heart assistant device can
be placed and connected to perform at least one of the
following method step of at least partly compressing the
heart and at least partly relaxing the heart assistant device to
support the hearts pumping mechanism from the outside
thereof.

One embodiment discloses a method for surgically plac-
ing an active heart assistant device in relation to a patient’s
heart further provided by cutting the patient’s skin and
opening the thoracic cavity. A placement area where to place
the heart assistant device inside in relation to the heart is
dissected and the heart assistant device is placed in the
placement area in the thorax. Further an implanted energy
receiver or a internal source of energy for powering the heart
assistant device can be placed to perform at least one of the
following method steps of at least partly compressing the
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heart and at least partly relaxing the heart assistant device to
support the hearts pumping mechanism from the outside
thereof.

Another embodiment discloses a method of surgically
placing an active heart assistant device in relation to a
patient’s heart via a laparoscopic abdominal approach. The
method can further be provided by inserting a needle or a
tube like instrument into the abdomen of the patient’s body
and using the needle or a tube like instrument to fill the
abdomen with gas thereby expanding the abdominal cavity.
At least two laparoscopic trocars can be placed the patient’s
abdomen, through one a camera can be inserted. Further, at
least one dissecting tool can be inserted through one of said
at least two laparoscopic trocars. The dissecting tool can be
used to dissect and create an opening in the diaphragm
muscle and/or to dissect an intended placement area of the
patient’s heart through said opening. The heart assistant
device is placed in the placement area in the thorax and an
implanted energy receiver or an internal source of energy for
powering the heart assistant device is placed and connected
to perform at least one of the following method steps to at
least partly compressing the heart and at least partly relaxing
the heart assistant device to support the hearts pumping
mechanism from the outside thereof.

In a further embodiment, a method for surgically placing
an active heart assistant device in relation to a patient’s heart
can be provided by cutting the patient’s skin and opening the
abdominal cavity. An opening in the thoracic diaphragm is
dissected and created and through said opening a placement
area where to place the heart assistant device is dissected.
The heart assistant device can be placed in the placement
area and an implanted energy receiver or an internal source
of energy for powering the heart assistant device can also be
placed and connected to perform at least one of the follow-
ing method steps of at least partly compressing the heart and
at least partly relaxing the heart assistant device to support
the hearts pumping mechanism from the outside thereof.

In a further embodiment the method also includes the step
of placing the heart assistant device additionally by placing
a drive unit for at least partly powering the heart assistant
device with kinetic movements in the thorax or abdomen
area and to supply kinetic power from said drive unit to said
heart assistant device causing movement of said heart assis-
tant device.

In another method steps can also include the connection
of the drive unit with an implantable energy receiver or an
internal energy source for powering said drive unit.

In another embodiment the different methods for surgi-
cally placing a heart assistant device in a patient’s heart or
blood vessel is combined.

Another method can also include a drive unit further
comprising a stator and a rotor adapted to be driving at least
a part of the heart assistant device with rotational energy.
This method further comprising the steps of placing said
stator and rotor in the abdomen or thorax. Said rotor is
connecting to said heart assistant device to supply energy to
said stator to rotate said rotor and thereby causing kinetic
energy to be transported to said heart assistant device.

In one additional method an opening is performed from
the abdomen through the thoracic diaphragm for placing the
energy receiver or energy source in the abdomen. Said
opening can be performed in the thoracic diaphragm at the
section of the thoracic diaphragm in which the pericardium
is fixated to the thoracic diaphragm.

In one further method the heart assistant device or drive
unit is using energy, direct or indirect, from an external
energy source, supplying energy non-invasively, without
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any penetration through the patient’s skin, for powering the
heart assistant device or drive unit.

In one further method said heart assistant device or drive
unit is connected to an internal energy source via a cable.
The method of placement further comprising the steps of
dissecting and placing a wire connected to the heart assistant
device or drive unit into the right atrium of the heart and
further up in the venous blood vessel system, exiting the
blood vessel system in or closer to the subcutaneous area,
such as in the vena subclavia, vena jugularis or vena
brachialis, placing an internal energy source in the subcu-
taneous area or close thereto or in the thorax or abdomen and
to from an external energy source supply energy non-
invasively, without any penetration through the patient’s
skin, to power the internal energy source for indirect or
direct power the heart assistant device or drive unit.

One method of placement can further comprise the steps
of placing an electrode in the right atrium or ventricle of the
heart and to placing the wire to the electrode via the right
atrium of the heart and further up in the venous blood vessel
system. The blood vessel system is exited in or closer to the
subcutaneous area, such as in the vena subclavia, vena
jugularis or vena brachialis. An internal control unit is
placed in the subcutaneous area or close thereto or in the
thorax or abdomen. The method further comprising at least
one of the following steps: to receive a sensor input relating
to electrical pulses or muscle contractions of the heart, to
transmit energy pulses from said electrode for controlling
heart contractions or to coordinate the heart assistant device
or drive unit.

One embodiment disclosed is a heart help device adapted
to pass through a laparoscopic trocar in the patient’s body.

A further embodiment is a heart help device adapted to
pass through an opening in the thoracic diaphragm from the
abdominal side of the thoracic diaphragm.

A further embodiment is a heart help device comprising a
drive unit for at least partly powering movements of the
heart help device. Said drive unit is adapted to supply
wireless or magnetic energy and said heart assistant device
is adapted to receive said wireless or magnetic energy to
cause movements of said heart assistant device.

A further embodiment is a heart help device comprising
an energy receiver or energy source, adapted to be implanted
in the abdomen.

A further embodiment is a heart help device comprising
an electric wire adapted to connect said heart help device or
drive unit to said energy source. Said wire is adapted to pass
into the right atrium of the heart and further up in the venous
blood vessel system, exiting the blood vessel system in or
closer to the subcutaneous area, wherein said internal energy
source is adapted to be connected to said wire via the
subcutaneous area.

A further embodiment is a heart help device further
comprising an internal control unit and a sensor sensing
physiological electrical pulses or muscle contractions of the
heart. Said control unit controls said heart help device
according to the sensed information.

A further embodiment is a heart help device with an
energy source comprising an internal control unit adapted to
transmit energy pulses to said electrode for achieving heart
muscle contractions and controlling heart contractions. The
control unit is being adapted to coordinate the heart assistant
device with the heart contractions.

Please note that all the embodiments or features of an
embodiment as well as any method or step of a method could
be combined in any way if such combination is not clearly
contradictory. Please also note that the description in general
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should be seen as describing both an apparatus or device
adapted to perform a method as well as this method in itself.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments now described, by way of example, with
reference to the accompanying drawings, in which:

FIG. 1 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 2 shows an implantable device for improving the
pump function of the heart in a frontal view.

FIG. 3 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 4 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 5 shows an implantable device for improving the
pump function of the heart in a frontal view.

FIG. 6 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 7 shows an operating device in detail.

FIG. 8 shows an operating device in detail.

FIG. 9 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 10 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 11 shows an implantable device for improving the
pump function of the heart in a frontal view.

FIG. 12 shows an implantable device for improving the
pump function of the heart in a frontal view.

FIG. 13 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 14 shows, schematically, a system for transferring
force.

FIG. 15 shows, schematically, a system for transferring
force.

FIG. 16 shows, schematically, a system for transferring
force.

FIG. 17 shows,
heart.

FIG. 18 shows,
heart.

FIG. 19 shows,
heart.

FIG. 20 shows,
heart.

FIG. 21 shows an implantable device for improving the
pump function of the heart in a frontal view.

FIG. 22 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 23 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 24 shows an implantable device for improving the
pump function of the heart in a frontal view.

FIG. 25 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 26 shows, schematically, a system for transferring
force.

FIG. 27 shows, schematically, a system for transferring
force.

FIG. 28 shows, schematically, an operating device and a
fixating member.

FIG. 29 shows, schematically, a system for transferring
force.

FIG. 30 shows a frontal view of a human patient with an
LVAD.

FIG. 31 shows an implanted artificial heart device in a
lateral view.

schematically, how force is exerted on a
schematically, how force is exerted on a
schematically, how force is exerted on a

schematically, how force is exerted on a
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FIG. 32 shows, schematically, a system for transferring
force.

FIG. 33 shows, schematically, a system for transferring
force.

FIG. 34 shows a frontal view of a human patient with an
implanted system for transferring force.

FIG. 35 shows, schematically, a system for transferring
force.

FIG. 36 shows, schematically, a system for transferring
force.

FIG. 37 shows, schematically, a system for transferring
force.

FIG. 38 shows a heart contacting organ in a first position.

FIG. 39 shows a heart contacting organ in a second
position.

FIG. 40 shows a heart contacting organ in detail.

FIG. 41 shows a heart contacting organ in detail.

FIG. 42 shows a device for adjusting a heart contacting
organ in a first position.

FIG. 43 shows a device for adjusting a heart contacting
organ in a second position.

FIG. 44 shows a heart of a human patient in a frontal view.

FIG. 45 shows a system for adjusting the position of a
pump device in a first position.

FIG. 46 shows a system for adjusting the position of a
pump device in a second position.

FIG. 47 shows a fixation system.

FIG. 48 shows a fixation system.

FIG. 49 shows a fixation system.

FIG. 50 shows a fixation system.

FIG. 51 shows a fixation system.

FIG. 52 shows a fixation system.

FIG. 53 shows a frontal view of the sternum of a human
patient, with a fixating system applied.

FIG. 54 shows a frontal view of the rib cage of a human
patient, with a fixating system applied.

FIG. 55 shows a frontal view of the rib cage of a human
patient, with a fixating system applied.

FIG. 56 shows a frontal view of the rib cage of a human
patient, with a fixating system applied.

FIG. 57 shows a frontal view of the rib cage of a human
patient, with a fixating system applied.

FIG. 58 shows a lateral view of the vertebral column of
a human patient, with a fixating system applied.

FIG. 59 shows a lateral view of the vertebral column of
a human patient, with a fixating system applied.

FIG. 60 shows a frontal view of a part of the vertebral
column of a human patient, with a fixating system applied.

FIG. 61 shows an implantable device for improving the
pump function of the heart in a lateral view.

FIG. 62 illustrates a system for treating a disease, wherein
the system includes an apparatus implanted in a patient.

FIGS. 63-77 schematically show various, embodiments of
the system for wirelessly powering the apparatus shown in
FIG. 1.

FIG. 78 is a schematic block diagram illustrating an
arrangement for supplying an accurate amount of energy
used for the operation of the apparatus shown in FIG. 1.

FIG. 79 schematically shows an embodiment of the
system, in which the apparatus is operated with wire bound
energy.

FIG. 80 is a more detailed block diagram of an arrange-
ment for controlling the transmission of wireless energy
used for the operation of the apparatus shown in FIG. 1.

FIG. 81 is a circuit for the arrangement shown in FIG. 62,
according to a possible implementation example.
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FIGS. 82-85, 86a-86¢, 87 and 88a-88¢ show various ways
of arranging hydraulic or pneumatic powering of an appa-
ratus implanted in a patient.

FIG. 89a shows a sealed chamber comprising an operat-
ing device.

FIG. 895 shows a sealed chamber for hydraulic use.

FIG. 90 shows a lateral view of a patient when a heart help
device is fixated to the sternum of the patient, on the inside
thereof.

FIG. 91 shows a lateral view of a patient when a heart help
device is fixated to a vertebra of the patient.

FIG. 92 shows a lateral view of a patient when a heart help
device is fixated to a rib of the patient.

FIG. 93a shows a lateral view of a patient when a heart
help device is fixated to the sternum of the patient on the
inside thereof, in a diaphragm penetrating way.

FIG. 935 shows a lateral view of a patient when a heart
help device is fixated to the sternum of the patient, on the
outside thereof.

FIG. 94 shows a lateral view of a patient, when a
diaphragm contacting part is placed.

FIG. 95 shows a lateral view of a patient, when an
opening is created in the thorax of the patient.

FIG. 96 shows a close-up of a diaphragm contacting part
maintaining an opening in the thoracic diaphragm.

FIG. 97a shows an embodiment of a heart help device
where force is transferred through the thoracic diaphragm.

FIG. 975 shows a second embodiment of a heart help
device where force is transferred through the thoracic dia-
phragm.

FIG. 97¢ shows an alternative embodiment of the respi-
ratory movement compensator.

FIG. 97d shows an alternative embodiment of the respi-
ratory movement compensator in a second state.

FIG. 98 shows a second embodiment of a heart help
device where mechanical and hydraulic force is transferred
through the thoracic diaphragm.

FIG. 99a shows a first embodiment of a multi-chamber
injection port for calibrating elements pressing on the heart.

FIG. 995 shows a second embodiment of a multi-chamber
injection port.

FIG. 99¢ shows a hydraulic/pneumatic two chamber
system.

FIG. 994 shows a hydraulic/pneumatic system comprising
a selection valve.

FIG. 99¢ shows a hydraulic/pneumatic closed force trans-
ferring chamber system comprising a selection valve.

FIG. 100 shows an embodiment of a heart help device in
which hydraulic force is transferred through the thoracic
diaphragm.

FIG. 101a shows an embodiment of a diaphragm con-
tacting part in which the diaphragm contacting part is
adapted to be opened, in an open state.

FIG. 10156 shows an embodiment of a diaphragm con-
tacting part in which the diaphragm contacting part is
adapted to be opened, in a closed state.

FIG. 101c¢ shows an embodiment of a diaphragm contact-
ing part, which is not possible to open.

FIG. 1014 shows an embodiment of a diaphragm con-
tacting part, in section.

FIG. 102 shows a diaphragm contacting part, with a force
transferring member for transferring of mechanical force
placed inside.

FIG. 103 shows a diaphragm contacting part, with two
force transferring member for transferring of mechanical
force placed inside.
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FIG. 104 shows a diaphragm contacting part, with a force
transferring member creating a sealing with the diaphragm
contacting part placed inside.

FIG. 105 shows a diaphragm contacting part, with a force
transferring member for transferring of hydraulic force
placed inside.

FIG. 106 shows a diaphragm contacting part, with one
force transferring member for transferring of hydraulic, and
one force transferring member for transferring hydraulic
force placed inside.

FIG. 107 shows a force transferring part for transferring
force through the thoracic diaphragm.

FIG. 108a shows a displaceable heart help device in a first
perspective view.

FIG. 1085 shows a displaceable heart help device in a
second perspective view.

FIG. 109 shows a magnetic operating device in section.

FIG. 110 shows a heart help device comprising a magnetic
operating device in a perspective view.

FIG. 111 shows a displaceable heart help device in a first
perspective view.

FIG. 112a shows a heart help device adapted to be
inserted through an opening in the thoracic diaphragm, in its
folded state.

FIG. 11256 shows a heart help device adapted to be
inserted through an opening in the thoracic diaphragm, in its
unfolded state.

FIG. 113 shows a flow-chart of an operation method for
fixation a heart help device.

DETAILED DESCRIPTION

The invention will now be described in more detail in
respect of preferred embodiments and in reference to the
accompanying drawings. All examples herein should be
seen as part of the general description and therefore possible
to combine in any way in general terms. Again, individual
features of the various embodiments may be combined or
exchanged unless such combination or exchange is clearly
contradictory to the overall function of the device.

The use of ceramic material is conceivable for entire
device parts or parts exposed to wear, example of ceramic
materials that can be used for this purpose is: zirconium
ceramics or alumina ceramics, partially stabilised zirconia
(PSZ), zirconium dioxide, titanium carbide, silicon carbide,
sialons/silicon aluminium oxynitrides, boron nitride. The
ceramic material could further comprise a hydroxy-apatite
coating.

FIG. 1 shows an implantable device 1 for improving the
pump function of the heart H of a human patient by applying
an external force on the heart muscle. The implantable
device 1 comprises a pump device 3 which comprises an
operating device 57 that creates movement of a connecting
arm 244 in contact with a heart contacting organ 2. The
implantable device is adapted to be fixated to a structure of
the human body comprising bone 240. The operating device
and occasionally occurring other elements that requires
control, are controlled from a control unit 176. The control
unit 176 could comprise an injection port 910 for calibrating
a fluid level of a hydraulic system, a battery 911 for
supplying energy to the implantable device 1, a wireless
transfer system 912 for transferring energy and/or informa-
tion to or from the control unit from outside of the human
body and at least one sensor 913 for sensing a variable of the
implantable device 1 or the patient. The control unit com-
municates with the pump device 3 and other elements of the
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implantable device 1 through a connecting member 906.
However it is also conceivable that the communication
could be wireless.

FIG. 2 shows an implantable device 1 for improving the
pump function of the heart H of a human patient by applying
an external force on the heart muscle. The implantable
device 1 comprises a pump device 3 which comprises an
operating device 57 adapted to create a rotating movement
through successive energizing coils 14 placed on a first plate
11 which is displaceable in relation to a second plate 12
comprising magnets 15. The magnetic field created between
said coils 14 and said magnets 15 create a rotating move-
ment of the second plate 12 in relation to the first plate 11.
According to this embodiment the operating device is in
connection with a first and second heart contacting organ
2a,b. The first heart contacting organ 2q is attached to the
second plate 12 and thereby moves in relation to the second
heart contacting organ 26 which is fixedly attached to the
pump device 3. The second heart contacting organ 25 serves
as a dolly. The first and second heart contacting organs 2a,b
exerts a force on the heart H from the left and right sides of
the heart H which compresses the heart H and assist the
pump function of the heart H.

FIG. 3 shows the implantable device 1 according to an
embodiment where the pump device 3 is adapted to exert
force on the heart H from the anterior A and posterior P side
of the heart H. To enable the pump device 3 to exert force
on the heart H from the anterior A and posterior P side of the
heart H the implantable device 1 comprises a connecting
arm 244 which attaches the pump device 3 to a fixating
member 241a, which in turn is in contact with a first plate
242a, which is fixated to a second plate 2425 of a second
fixating member 2415 located on the posterior side of a
structure of the human body comprising bone 240. The first
and second fixating members clamp the structure of the
human body comprising bone 240 and thereby create the
fixation of the implantable device 1. The first heart contact-
ing organ 2a is attached to the second plate 12 and thereby
moves in relation to the second heart contacting organ 25
which is fixedly attached to the pump device 3. The second
heart contacting organ 25 serves as a dolly. The first and
second heart contacting organs exerts a force on the heart H
from the anterior A and posterior P sides of the heart H
which compresses the heart H and assist the pump function
of the heart H.

FIG. 4 shows the implantable device 1 in a lateral view
where the operating device 57 comprising a first plate 11
comprising magnets 15, a second plate 12 comprising coils
and a third plate 13 comprising magnets 15. The successive
energizing of the coils 14 of the second plate 12 creates
rotational movement of both the first and third plate by the
magnetic contact created between the coils 14 and the
magnets 15. The movement is transferred to the heart
contacting organ 2 which in turn exerts force on the heart H.

FIG. 5 shows the implantable device 1 in a frontal view
where the operating device 57 comprising a first plate 11
comprising magnets 15, a second plate 12 comprising coils
and a third plate 13 comprising magnets 15. The successive
energizing of the coils 14 of the second plate 12 creates
rotational movement of both the first and third plate by the
magnetic contact created between the coils 14 and the
magnets 15. The first heart contacting organ 2aq is fixated to
the first plate 11, and the second heart contacting organ 25
is fixated to the third plate 13. The movement is transferred
to the heart contacting organs 2a,b which in turn exerts force
on the right and left sides of the heart H, which compresses
the heart H and assist the pump function of the heart H.
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FIG. 6 shows the implantable device 1 according to an
embodiment where the pump device 3 is adapted to exert
force on the heart H from the anterior A and posterior P side
of the heart H. To enable the pump device 3 to exert force
on the heart H from the anterior A and posterior P side of the
heart H the implantable device 1 comprises a connecting
arm 244 which attaches the pump device 3 to a fixating
member 241a, which in turn is in contact with a first plate
242a, which is fixated to a second plate 2425 of a second
fixating member 2415 located on the posterior side of a
structure of the human body comprising bone 240. The first
and second fixating members clamp the structure of the
human body comprising bone 240 and thereby create the
fixation of the implantable device 1. The first heart contact-
ing organ 2aq is fixated to the first plate, and the second heart
contacting organ 25 is fixated to the third plate. The move-
ment is transferred to the heart contacting organs 2a,b which
in turn exerts force on the anterior A and posterior P sides of
the heart H, which compresses the heart H and assist the
pump function of the heart H.

FIG. 7 shows the operating device 57 is further detail
wherein the operating device 57 comprises a first part
comprising a plate 11 with a first surface, a second part
comprising a second plate 12 having a second surface and a
third part comprising a third plate 13 having a third surface.
The first, second and third parts are displaceable in relation
to each other and adapted for rotating movement. The
second plate 12 comprises coils 14 whereas the first and
third plate comprises magnets 15. The coils can be succes-
sively energized, controlled from a control unit 176, which
creates movement of the first and third plates by the mag-
netic connection between the coils 14 and magnets 15. The
surfaces of the first and second plate 11,12 abut each other
and is in substantially constant movement which hinders any
growth of scar tissue that could interrupt the function of the
operation device 57. To enable the operating device to resist
the wear that constant movement of the abutting surfaces
creates, the plates 11,12,13, or alternatively the surfaces,
needs to be made of a highly durable material. Such a
material could be a ceramic material, a carbon based mate-
rial or a metallic material such as titanium or stainless steel.
It is further conceivable that the plates or surfaces is made
of a self lubricating material such as a fluorpolymer, alter-
natively the surfaces could be adapted to be lubricated by
means of an implantable lubricating system. The implant-
able lubricating system could be adapted to lubricate the
plates 11,1213 or surfaces with a biocompatible lubricating
fluid such as hyaluronic acid. A combination of mentioned
materials is further conceivable. The operating device 57 is
according to the embodiment in FIG. 7 adapter for rotational
movement, however it is possible that the operation device
is adapted for reciprocating movement.

FIG. 8 shows the operating device 57 is further detail
wherein the operating device 57 comprises a first part
comprising a plate 11 with a first surface, a second part
comprising a second plate 12 having a second surface and a
third part comprising a third plate 13 having a third surface.
The first, second and third parts are displaceable in relation
to each other and adapted for rotational movement. The
second plate 12 comprises coils 14 whereas the first and
third plate comprises magnets 15. The coils can be succes-
sively energized, controlled from a control unit 176, which
creates movement of the first and third plates by the mag-
netic connection between the coils 14 and magnets 15. The
operating device further comprises a centre axis 17 which
guides the rotational movement of the operating device 57.
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FIG. 9 shows a lateral view of an embodiment where the
implantable device 1 comprises a pump device 3. The pump
device 3 comprises a piston 50 adapted for reciprocating
movement placed in connection with an operating device 51
for operating the piston 50. The piston 50 is in turn in contact
with a heart contacting organ 2 which in turn is in contact
with the heart H of a human patient. The implantable device
could in FIG. 9 further comprise a second pump device 53,
the first and second pump devices are adapted to operate on
the left and right side of the human heart H respectively,
however in other embodiments the first and second pump
devices 3,53 could be adapted to operate on the anterior and
the posterior side of the heart H of a human patient. The
implantable device 1 further comprises a first and second
fixating member 241qa,b adapted to fixate said implantable
device 1 to a structure of the human body comprising bone
240. The fixating members comprises a first and second
plate 242a,b which are fixated to each other using screws. To
enable the pump device to resist the wear that constant
movement of the abutting surfaces creates, affected parts or
surfaces, needs to be made of a highly durable material.
Such a material could be a ceramic material, a carbon based
material or a metallic material such as titanium or stainless
steel. It is further conceivable that parts or surfaces is made
of a self lubricating material such as a fluorpolymer, alter-
natively the surfaces could be adapted to be lubricated by
means of an implantable lubricating system. The implant-
able lubricating system could be adapted to lubricate parts or
surfaces with a biocompatible lubricating fluid such as
hyaluronic acid. A combination of mentioned materials is
further conceivable. The device is in substantially constant
movement which hinders any growth of scar tissue that
could interrupt the function of the device.

FIG. 10 shows a lateral view of an embodiment where the
implantable device 1 is adapted for exerting force on the
anterior and posterior side of the human heart H. The two
heart contacting organs 2a, b are adapted to exert force on the
heart H through the connection with the piston 50a adapted
for reciprocating movement. According to this embodiment
both the heart contacting organ 2a and the heart contacting
organ 2b is hinged 52 to the pump device 3 which enables
both heart contacting organs 2a,b to move and exert force on
the heart H. To enable the heart contacting organs 2a,b to
exert force on the heart H from the anterior and posterior
side of the heart H the pump device 3 is attached to a
connecting arm 244 which in turn is connected to the first
fixating member 241q attached to the first plate 242a which
is fixated to a structure of the human body comprising bone
240 through the connection with the second plate 2425 of the
second fixating member 24154. The piston 50a is according
to this embodiment a piston adapted to create movement in
two directions, which enables two heart contacting organs
2a,b to be operable by means of only one pump device 3. It
is however conceivable that the piston 50a is of a type
adapted to create movement in one direction 505 in which
case two pump devices 3,53 could be provided to enable two
heart contacting organs 2a,b to be operable.

FIG. 11 shows a frontal view of the implantable device 1
according to the embodiment shown in FIG. 5A. The pump
device 3 is here adapted to exert force on the heart H from
the right and left side of the heart H through the heart
contacting organs 2a,b hinged 52 to the pump device 3. The
piston 50a is according to this embodiment a piston adapted
to create movement in two directions, which enables two
heart contacting organs 2a,b to be operable by means of only
one pump device 3. It is however conceivable that the piston
50a is of a type adapted to create movement in one direction
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504 in which case two pump devices 3,53 could be provided
to enable two heart contacting organs 2a,b to be operable.
According to this embodiment the first and second heart
contacting organs 2a,b presses the heart towards each other
which exerts a force on the heart H improving the pump
function of the heart H.

FIG. 12 shows a frontal view of the implantable device 1
according to an embodiment where a piston 504 is adapted
to create movement in one direction. According to this
embodiment the second heart contacting organ 25 is hinged
52 to the implantable device 1, and the first heart contacting
organ 2a is fixedly attached to the implantable device 1.
According to this embodiment the second heart contacting
organ 2b presses the heart towards the first heart contacting
organ 2a which exerts a force on the heart H improving the
pump function of the heart H.

FIG. 13 shows a lateral view of an embodiment where the
implantable device 1 is adapted for exerting force on the
anterior and posterior side of the human heart H. The second
heart contacting organ 25 is hinged 52 to the implantable
device 1, and the first heart contacting organ 2a is fixedly
attached to the implantable device 1. The piston 505 is
adapted to create movement in one direction and operates
the second heart contacting organ 25 to exert force on the
heart H from the anterior and posterior side of the heart
through the second heart contacting organ 25 pressing the
heart H against the first heart contacting organ 2a. To enable
the exerting of force on the anterior and posterior side of the
heart H the pump device 3 is attached to a connecting arm
244 which in turn is connected to the first fixating member
241aq attached to the first plate 2424 which is fixated to a
structure of the human body comprising bone 240 through
the connection with the second plate 2425 of the second
fixating member 24154.

FIG. 14 shows an embodiment where the implantable
device 1 comprises a system for transferring of force from
a remote location R to a distribution location D. The heart
contacting organ 2 is a section of the force distributing
piston 50 which exerts force on the heart H, the force is
transferred via a force transferring system 56, which could
be a hydraulic, mechanic or pneumatic force transferring
system 56. The force is created using an operating device 57,
in this embodiment the operating device 57 is an electric
motor, however it is also conceivable that motor is a
hydraulic or pneumatic motor. The force generated by the
operating device is then transferred to an eccentric member
58 which creates a reciprocal movement in a second piston
55. The reciprocating movement created in the second piston
55 it then transferred through the force transferring system
56 to the first piston 50 which is placed in reciprocating
movement, and in turn exerts force on the heart H through
the connection with the heart contacting organ 2. The first
and second pistons 50, 55 are protected by a protective layer
54 which is made of a flexible material. The protective layer
54 hinders scar tissue to form in proximity to the moving
parts, which could hinder the operation of the pistons 50, 55.
The operating device 57 and additional parts of the system
that could require control is controlled through the control
unit 176, which in turn could be adapted to be wirelessly
controlled from outside of the human body.

FIG. 15 shows an embodiment where the operating device
57 is an operating device adapted to create a rotating
movement through successive energizing coils 14 placed on
a first plate which is displaceable in relation to a second plate
comprising magnets 15. The magnetic field created between
said coils 14 and said magnets 15 creates a rotating move-
ment of the second plate in relation to the first plate. A
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mechanical force transferring member 59 is attached to the
second plate and hinged 60 to the piston 50. The piston in
turn comprises the heart contacting organ 2 which exerts
force on the heart H through the connection with the
operating device 57. A control unit 176 for controlling the
operating device is also provided, which in turn could be
adapted to be wirelessly controlled from outside of the
human body.

FIG. 16 shows an embodiment where the operating device
57 is a solenoid adapted to create a reciprocating movement
of the piston 50 in connection with the heart contacting
organ 2 to exert a force on the heart H of a human patient.
A control unit 176 for controlling the operating device 57 is
also provided, which in turn could be adapted to be wire-
lessly controlled from outside of the human body.

FIG. 17 shows, schematically, how a piston 50 housed in
a protective layer 54 exerts force on the heart H of a human
patient through the connection with a heart contacting organ
2. According to this embodiment the piston 50 is adapted to
create reciprocating movement in two directions, the move-
ment in the first direction is powered and the movement in
the second direction could either be powered of created with
a spring placed in relation to the piston 50.

FIG. 18 shows, schematically, how a piston 50 housed in
a protective layer 54 exerts force on the heart H of a human
patient through a mechanical force transferring system 59
which comprises a hinged joint 60. The mechanical force
transferring system comprises a heart contacting organ 2
which in turn exerts force on the heart of a human patient H
through the connection with the mechanical force transfer-
ring system 59 and the piston 50 adapted for reciprocating
movement.

FIG. 19 shows, schematically, how two pistons 50a,b
exerts force on the heart of a human patient H from the left
and right side of the heart H. Each of the two pistons
comprises a heart contacting organ 2a,b which exerts force
on the heart H to compress the heart H to assist the pump
function thereof. According to other embodiments the two
pistons 2a,b could be adapted to be placed on the anterior
and posterior side of the heart H, or be movable to enable
postoperative change in the position of the force exerted on
the heart H.

FIG. 20 shows, schematically, how a piston 50 exerts
force on the heart of a human patient through the connection
with a heart contacting organ 2a from one side of the heart
H. A second heart contacting organ 25 if fixedly attached to
the implantable device 1 and serves as a dolly 61 to enable
the implantable device 1 to exert force on the heart H.

FIG. 21 shows a frontal view of an implantable device 1
for improving the pump function of the heart of a human
patient according to an embodiment wherein the implantable
device comprises a pump device 3 comprises a rotating
member 93 having a rotating centre. A driving member 91
is attached to the rotating member 93 and adapted to perform
an eccentric movement in relation to the rotating center of
said rotating member 93. The driving member 91 is in
contact with a heart contacting organ 2a,b which in turn is
adapted to exert force on the heart H of a human patient. The
pump device further comprises an operating device 57 for
operating the driving member 91. The operating device is in
connection with the rotating member through a force trans-
ferring member 92 which for example could be a band, cord
or chain. The operating device 57 could be an electric,
hydraulic or pneumatic motor, and could be adapted to be
controlled from outside of the human body. To enable the
pump device to resist the wear that constant movement of
the abutting surfaces creates, affected parts or surfaces,
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needs to be made of a highly durable material. Such a
material could be a ceramic material, a carbon based mate-
rial or a metallic material such as titanium or stainless steel.
It is further conceivable that parts or surfaces is made of a
self lubricating material such as a fluorpolymer, alternatively
the surfaces could be adapted to be lubricated by means of
an implantable lubricating system. The implantable lubri-
cating system could be adapted to lubricate parts or surfaces
with a biocompatible lubricating fluid such as hyaluronic
acid. A combination of mentioned materials is further con-
ceivable. The device is in substantially constant movement
which hinders any growth of scar tissue that could interrupt
the function of the device.

FIG. 22 shows a lateral view of an implantable device 1
for improving the pump function of the heart of a human
patient according to an embodiment wherein the implantable
device comprises a pump device 3 comprises a rotating
member 93 having a rotating centre. A driving member 91
is attached to the rotating member 93 and adapted to perform
an eccentric movement in relation to the rotating center of
said rotating member 93. The driving member 91 is in
contact with a heart contacting organ 2a,b which in turn is
adapted to exert force on the heart H of a human patient. The
pump device further comprises an operating device 57 for
operating the driving member 91. The operating device is in
connection with the rotating member through a force trans-
ferring member 92 which for example could be a band, cord
or chain. The operating device 57 could be an electric,
hydraulic or pneumatic motor, and could be adapted to be
controlled from outside of the human body. To enable the
exerting of force on the anterior and posterior side of the
heart H the pump device 3 is attached to a connecting arm
244 which in turn is connected to a fixating member 241
which is fixated to a structure of the human body comprising
bone 240. According to this embodiment the first heart
contacting organ is fixedly attached to the pump device 3
and serves as a dolly, whereas the second heart contacting
organ is hinged to exert the force on the heart H.

FIG. 23 shows a lateral view of the implantable device 1
described in FIG. 21 where the pump device is adapted to
exert force on the heart H from the right and left side of the
heart H. The driving member 91 is in contact with an
operating device 57.

FIG. 24 shows a frontal view of the pump device 3
wherein both the first heart contacting organ 2a and the
second heart contacting organ 24 are hinged to the pump
device 3 which enables the heart contacting organs 2a,b to
exert force on the heart H, assisting the pump function
thereof, from the right and left side of the heart H. The
driving member 91 is according to this embodiment
designed to operate two heart contacting organs 2a,b
through the connection with the operating device 57.

FIG. 25 shows a lateral view of the pump device 3
wherein both the first heart contacting organ 2a and the
second heart contacting organ 24 are hinged to the pump
device 3, which enables the heart contacting organs 2a,b to
exert force on the heart H, assisting the pump function
thereof, from the anterior and posterior side the heart H. The
driving member 91 is according to this embodiment
designed to operate two heart contacting organs 2a,b
through the connection with the operating device 57. To
enable the exerting of force on the anterior and posterior side
of the heart H the pump device 3 is attached to a connecting
arm 244 which in turn is connected to a fixating member 241
which is fixated to a structure of the human body comprising
bone 240.
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FIG. 26 shows, schematically, an embodiment of a pump
device according to any of the embodiments. An operating
device 57 operates a rotating member 93 having a rotating
centre which is attached to a driving member 91 adapted to
create an eccentric movement. The driving member is in
contact with a pivot 100 which is hinged 101. The pivot
could serve as a mechanical transmitter of force, or as a heart
contacting organ 2 adapter to exert force on the heart H of
a human patient. The operating device is controlled using a
control unit 176 connected to the operating device through
a connecting member 906. The operating device could be an
electric, magnetic, hydraulic or pneumatic motor. In any
embodiment where hydraulics is used an injection port 97
could be provided to enable the calibration of fluid in the
hydraulic system. The control unit 176 could further com-
prise at least one sensor 98 for sensing a variable of the
device, or the patient. Furthermore the control unit 176
could comprise a wireless transfer unit 99 for transferring of
wireless energy and/or information. At least one battery 106
could also be provided in the control unit.

FIG. 27 shows, schematically, an embodiment of a pump
device according to any of the embodiments. An operating
device 57 operates a rotating member 93 having a rotating
centre which is attached to a driving member 91 adapted to
create an eccentric movement. The driving member is in
contact with a pivot 100 which is hinged 101 in one end, the
other end is in contact with another pivot 103 which is
hinged in its other end 107. The pivot system that the first
and second pivot 100,103 could be used as a mechanical
transmitter of force, or said first or second pivot could
comprise a heart contacting organ 2 adapted to exert force on
the heart H.

FIG. 28 shows, schematically, an embodiment of a pump
device 3, where the pump device 3 comprises a fixating
member 241 which is adapted to fixate the pump device 3 to
a structure of the human body comprising bone 240. The
fixating member is adapted to fixate the pump device 3 to a
structure of the human body comprising bone 240 using
screws 243.

FIG. 29 shows, schematically, an embodiment of a pump
device according to any of the embodiments. An operating
device 57 operates a rotating member 93 having a rotating
centre which is attached to a driving member 91 adapted to
create an eccentric movement. The driving member is in
contact with a reciprocating member 104 which is guided by
two guiding members 105a,b. The reciprocating member
104 could be used as a mechanical transmitter of force, or
comprising a heart contacting organ 2 adapted to exert force
on the heart H.

FIG. 30 shows a frontal view of a human patient accord-
ing to an embodiment where the implanted device 1 is an
LVAD 130 (Left Ventricular Assist Device). The LVAD can
be fixated to a structure of the human body comprising bone
240 according to any of the embodiments described.

FIG. 31 shows a frontal view of a human patient accord-
ing to an embodiment where the implanted device 1 is an
artificial heart device 131. The artificial heart device 131 can
be fixated to a structure of the human body comprising bone
240 according to any of the embodiments described.

FIG. 32 schematically shows a closed pneumatic or
hydraulic implantable system for transferring force from a
remote location R to a distribution location D. The system
comprises a first reservoir in the form of a first bellows 141
in contact with an operating device 57, which in this
embodiment is an operating device comprising coils 14 and
magnets 15, which is described in further detail previously.
The volume of the first bellows 141 is affected by the contact
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with the operating device 57 which causes a fluid to be
transferred in the fluid connection 142, which in turn affects
the second bellows 140 on the distribution location. The
second bellows could be used as a mechanical force trans-
mitter or could be provided with a heart contacting organ 2
for exerting force on the heart of a human patient H. The
implantable system is adapted to allow free flow of fluid
between said first bellows 141 and said second bellows.

FIG. 33 schematically shows a closed pneumatic or
hydraulic implantable system for transferring force from a
remote location R to a distribution location D. The system
comprises a first reservoir in the form of a first piston 144.
The volume in the cylinder 147 of the first piston 144 is
affected by the contact with an operating device which
causes a fluid to be transferred in the fluid connection 142,
which in turn affects the second piston 143 on the distribu-
tion location, through the change of the fluid volume in the
second cylinder 148. The second piston 143 could be used
as a mechanical force transmitter or could be provided with
a heart contacting organ 2 for exerting force on the heart of
a human patient H. The implantable system is adapted to
allow free flow of fluid between said first bellows 141 and
said second bellows. The system could be adapted to operate
using pressurized fluid in one direction and vacuum in the
other direction, or pressurized fluid in both directions. It is
also conceivable that the first an second pistons 143,144
operates by means of a spring 1454,5 in one direction.

FIG. 34 shows a frontal view of a patient where the
remote location R of the implantable system for transferring
force from a remote location R to a distribution location D,
is located in the abdominal region and the distribution
location is located in connection with the heart H. The
remote location comprises a control unit which in turn could
comprise an operating device 1464, an injection port 1465,
a battery 146¢ and at least one sensor 1464 for sensing a
variable of the implantable system or the patient.

FIG. 35 schematically shows a closed pneumatic or
hydraulic implantable system for transferring force from a
remote location R to a distribution location D. The system
comprises a first reservoir in the form of a first bellows 141
an a second reservoir in form of a second bellows 140. The
first and second bellows are connected through a fluid
connection 142. The fluid connection is adapted to always
allow free flow of fluid between the first and second reser-
voir.

FIG. 36 schematically shows a closed pneumatic or
hydraulic implantable system for transferring force from a
remote location R to a distribution location D. The system
comprises a first reservoir in the form of a first bellows 141
an a second reservoir in form of a second bellows 140. The
first and second bellows are connected through a fluid
connection 142. The fluid connection is adapted to always
allow free flow of fluid between the first and second reser-
voir. The system is operated using pressurized fluid in one
direction and spring force from a spring 145 b in the second
bellows in opposite direction.

FIG. 37 schematically shows a closed pneumatic or
hydraulic implantable system for transferring force from a
remote location R to a distribution location D. The system
comprises a first reservoir in the form of a first bellows 141
in contact with an operating device 57, which in this
embodiment is an operating device comprising a rotating
member 93 having a rotating centre which is attached to a
driving member 93 adapted to create an eccentric movement
affecting the first bellows. The volume of the first bellows
141 is affected by the contact with the operating device 57
which causes a fluid to be transferred in the fluid connection
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142, which in turn affects the second bellows 140 on the
distribution location. The second bellows could be used as a
mechanical force transmitter or could be provided with a
heart contacting organ 2 for exerting force on the heart of a
human patient H. The implantable system is adapted to
allow free flow of fluid between said first bellows 141 and
said second bellows 140.

A heart contacting organ 2, for example displayed in the
embodiments above, could be adapted to change the position
of the force exerted on the heart H of a human patient. This
could be done by adjusting the position of the heart con-
tacting organ 2 in relation to a fixating member 241 that
fixates an implantable device 1 comprising the heart con-
tacting organ 2 to a structure of the human body comprising
bone 240. The adjustment could be performed by moving a
connecting arm which is fixated to the fixating member 241
and the heart contacting organ 2. The object of moving the
heart contacting organ 2 could be to increase the blood flow
to area on which the heart contacting organ 2 exerts force.
It could also be to improve the positioning of the heart
contacting organ 2 such that the ability of the implantable
device 1 to assist the pump function of the heart H. It could
further be to relive the patient of any discomfort that the
implantable device 1 might cause him/her.

FIG. 38 shows an embodiment in which the heart con-
tacting organ 2 is attached to a connecting arm 244 in
connection with the heart contacting organ 2 and the fixating
member 241. The connecting arm 244 is hinged 170qa,5 to
both the heart contacting organ 2 and the fixating member
241. However it is conceivable that the connecting arm 244
is hinged to one of the points 170a and 1706 and fixedly
attached to the other 170a,b respectively. The connecting
arm 244 could be adapted to be operable either manually or
powered. The connecting arm could be operable by means of
an operation device 172 which could be an electric, a
mechanical, a hydraulic or a pneumatic operating device
172. The operating device 172 could be placed in connection
with the fixating member 241 and could be adapter to be
remotely controlled from outside of the human body using
a remote control. It is also conceivable that the connecting
arm could be manually adjusted during a surgical or lapa-
roscopic procedure in which case an adjusting member (not
shown) could be provided to the implantable device 1. The
adjusting member could be one that is adjustable by means
of a surgical tool used in the surgical or laparoscopic
procedure.

FIG. 39 shows an embodiment where the heart contacting
organ 2 has been moved from the position in which it is
placed in FIG. 38. The position of the force exerted on the
heart H is thereby moved.

An alternative approach to moving the position of the
force exerted on the heart is to move elements on the heart
contacting organ 2. The elements could be pistons 173
and/or cushions 171 which could be electrically, mechani-
cally, hydraulically or pneumatically operated. The pistons
173 and/or cushions 171 could be adapter to be remotely
controlled from outside of the human body using a remote
control. It is also conceivable that the pistons 173 and/or
cushions 171 could be manually adjusted during a surgical
or laparoscopic procedure. The heart contacting organ could
comprise cushions 171 exclusively, pistons 173 exclusively
or a mixture thereof.

FIG. 40 shows an embodiment in which multiple cushions
171 are placed on the heart contacting organ 2. The cushions
171 could be raised and lowered in relation to the heart
contacting organ 2 to change the position of the force
exerted on the heart H. FIG. 17C further shows a connecting
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arm 244 in connection with an operating device 172 for
adjusting the location of the heart contacting organ 2 in
relation to the heart H. The operating device 172 could be
electrically, mechanically, hydraulically or pneumatically
operated and could be adapter to be remotely controlled
from outside of the human body using a remote control. It
is also conceivable that the connecting arm 244 could be
manually adjusted during a surgical or laparoscopic proce-
dure. In the embodiment where the cushions 171 or pistons
173 are hydraulic or pneumatically operated the implantable
device could further comprise a hydraulic or pneumatic
system (not shown) for changing the volume of the cushion
171 or the volume under the piston 173, by moving a
hydraulic or pneumatic fluid to or from the cushion 171.

FIG. 41 shows an embodiment where the heart contacting
organ 2 comprises a cushion 174 that exerts force in the heart
H. The cushion 174 can be moved on the heart contacting
organ 2 to change the position of the force exerted on the
heart H. According to this embodiment the heart contacting
organ further comprises a rotational element 175 that rotates
to create the movement of the cushion 174 on the great
contacting organ 2. The rotational element could be operable
manually, electrically, mechanically, hydraulically or pneu-
matically, and can further be adapted to be remotely con-
trolled from outside of the human body using a remote
control. FIG. 17D further shows a connecting arm 244 in
connection with an operating device 172 for adjusting the
location of the heart contacting organ 2 in relation to the
heart H. The operating device 172 could be electrically,
mechanically, hydraulically or pneumatically operated and
could be adapter to be remotely controlled from outside of
the human body using a remote control.

FIG. 42 shows the embodiment according to FIG. 38
when implanted in a human body. The heart contacting
organ 2 comprising cushions 171 and/or pistons 173 which
could be raised and lowered in relation to the heart contact-
ing organ to change the position of the force exerted on the
heart H. The implantable device further comprises a con-
necting arm 244 in contact with the heart contacting organ
2 and an operating device 172 for operating the connecting
arm 244. The operating device is in contact with the plate of
the first fixating member 242a that together with the second
fixating member 2425 fixates the implantable device to a
structure of the human body comprising bone 240. The
implantable device further comprises a control unit 176 for
controlling the heart pump device, the operating device 172
and the cushions 171 and/or pistons 173 placed on the heart
contacting organ 2.

FIG. 43 shows an embodiment where the heart contacting
organ 2 is operable to change the position of the force
exerted on the heart H using two operating devices 177a,b
the two operating devices could be mechanical, hydraulic or
pneumatic devices. The heart contacting organ is operable
through the connection with the operating device through
the connecting arm 244 hinged to the heart contacting organ
and the implantable device comprising the two operating
devices 177a,b. According to other embodiments the con-
necting arm 244 is operable using only one operating device,
in which case that operating device could be adapted for
powered movement in two directions, or adapted for pow-
ered movement in one direction and spring loaded move-
ment in the other direction.

FIG. 44 shows the heart H of a human patient H in a
frontal view wherein 179 indicates the right ventricle which
is a possible position for exerting force, and 178 indicates
the left ventricle which also is a possible position for
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exerting force. It is also conceivable that force could be
exerted on two different sides of the right 179 or left 178
ventricle, respectively.

FIG. 45 shows the implantable device 1 according to an
embodiment where a pump device 3 is placed on an adjust-
ment system comprising a first fixating member 241, a
second fixating member 185 and a third fixating member
186. The first fixating member 241 is adapter for fixation in
a structure of the human body comprising bone 240. The first
fixating member comprises a first trench wherein the second
fixating member 185 is adapted to move. The second fixat-
ing member 185 in turn comprises a second trench wherein
the third fixating member 186 is adapted to move. The third
fixating member 186 comprises a piston 182 which can be
raised and lowered for adjusting the pump device 1 in a third
axis. The third fixating member comprises a surface 183 to
which the pump device 3 can be fixated. Using said adjust-
ment system the pump device 3 can be adjusted three
dimensionally which can change the position of the force
exerted on the heart H. The adjustment system can be
operable by means of an implantable motor, the motor could
be an electric, hydraulic or pneumatic motor. The motor
could be adapted to be remotely controlled from outside of
the human body using a remote control. The pump device 3
could hence be post-operatively adjusted by the patient or by
a physician. The position of the pump device 3 could be
verified from the outside of the human body using x-ray or
ultra-sound.

FIG. 46 shows the adjustable system described in FIG.
17H in a second position.

The embodiments for changing the position of the force
exerted on the heart H of a human patent described above
could easily be combined with any of the embodiments of
implantable devices described earlier.

FIG. 47-60 shows the fixation of an implantable device to
a structure of the human body comprising bone 240. The
structure could be the sternum, a part of the rib cage,
comprising one or more ribs or a part of the vertebral column
comprising at least one vertebra. According to one embodi-
ment the implantable device 1 is fixated to the structure of
the human body comprising bone 240 trough a fixating
member 241 said fixating member could comprise a plate
242 which is in contact with the structure of the human body
comprising bone 240. The implantable device 1 could also
be fixated to the structure of the human body comprising
bone 240 using a second fixating member 2415 which also
could comprise a plate 24256 in which in turn could be in
contact with the structure of the human body comprising
bone 240.

FIG. 47 shows an embodiment where the implantable
device 1 is fixated to a structure of the human body com-
prising bone 240. The structure could be the sternum, a part
of the rib cage comprising one or more ribs or a part of the
vertebral column structure comprising at least one vertebra.
According to the embodiment the implantable device 1
comprises a first fixating member 241a comprising a plate
242q and a second fixating member 2415 comprising a plate
242p. The first and second fixating members are attached to
each other using through-going screws 243 placed from the
anterior side A of the structure of the human body compris-
ing bone 240. An alternative embodiment could comprise
screws placed from the posterior side P of the structure of the
human body comprising bone 240. The first fixating member
241a and the second fixating member 2415 clamp the
structure of the human body comprising bone 240. The
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fixating member 2414 could be in contact with a connecting
arm 244 which in turn could be in contact with a heart pump
device.

FIG. 48 shows an embodiment where the implantable
device 1 is fixated to a structure of the human body com-
prising bone 240 using only one fixating member 241a
comprising a plate 242a. The structure could be the sternum,
a part of the rib cage comprising one or more ribs or a part
of the vertebral column structure comprising at least one
vertebra. Through-going screws 243 is placed form the
anterior side A the structure of the human body comprising
bone 240 and fixated in the plate 242a. An alternative
embodiment could comprise screws placed from the poste-
rior side P of the structure of the human body comprising
bone 240 in which case the screws could be fixated in nuts
placed in connection with the structure of the human body
comprising bone, or fixated in directly in the bone of the
structure of the human body comprising bone 240. The
fixating member 2414 could be in contact with a connecting
arm 244 which in turn could be in contact with a heart pump
device.

FIG. 49 shows an embodiment where the implantable
device 1 is fixated to a structure of the human body com-
prising bone 240. The structure could be the sternum, a part
of the rib cage comprising one or more ribs or a part of the
vertebral column comprising at least one vertebra. Accord-
ing to the embodiment the implantable device 1 comprises
a first fixating member 241a comprising a plate 242aq and a
second fixating member 2415 comprising a plate 2425. The
first and second fixating members are attached to each other
using through-going screws 243 placed from the posterior
side P of the structure of the human body comprising bone
240. The screws are fixated to nuts 245 placed on the
anterior side of the structure comprising bone 240. An
alternative embodiment could comprise screws placed from
the anterior side A of the structure of the human body
comprising bone 240, in which case the nuts is placed on the
posterior side P of the structure comprising bone 240. The
first fixating member 241a and the second fixating member
2416 clamp the structure of the human body comprising
bone 240. The fixating member 241a could be in contact
with a connecting arm 244 which in turn could be in contact
with a heart pump device.

FIG. 50 shows an embodiment where the implantable
device 1 is fixated to a structure of the human body com-
prising bone 240 using only one fixating member 241a
comprising a plate 242a. The structure could be the sternum,
a part of the rib cage comprising one or more ribs or a part
of the vertebral column structure comprising at least one
vertebra. Screws 243 that fixates the fixating member to the
structure of the human body comprising bone is placed form
the posterior side P the structure of the human body com-
prising bone 240. The screws fixates the fixating member to
both the posterior and the anterior cortex of the structure of
the human body comprising bone 240, however it is con-
ceivable that the screws are fixated only to the anterior or
posterior cortex. An alternative embodiment could comprise
screws placed from the anterior side A of the structure of the
human body comprising bone 240, in which case the fixating
member 241a is placed on the anterior side A of the structure
of the human body comprising bone 240.

FIG. 51 shows an embodiment where the implantable
device 1 is fixated to a structure of the human body com-
prising bone 240 using one fixating member 2415 compris-
ing a plate 2425, and one fixating member 241a without a
plate. The structure could be the sternum, a part of the rib
cage comprising one or more ribs or a part of the vertebral
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column structure comprising at least one vertebra. Screws
243 that fixates the fixating members 241a,b to the structure
of the human body comprising bone 240 is placed form the
anterior side A of the structure of the human body compris-
ing bone 240 and fixated in the fixating member 241a. The
first fixating member 241a and the second fixating member
24156 clamp the structure of the human body comprising
bone 240. The fixating member 241a could be in contact
with a connecting arm 244 which in turn could be in contact
with a heart pump device.

FIG. 52 shows an embodiment where the implantable
device 1 is fixated to a structure of the human body com-
prising bone 240 using one fixating member 2415 compris-
ing a plate 2425, and one fixating member 241a¢ without a
plate. The structure could be the sternum, a part of the rib
cage comprising one or more ribs or a part of the vertebral
column structure comprising at least one vertebra. Screws
243 that fixates the fixating members 241a,b to the structure
of the human body comprising bone 240 is placed form the
posterior side P of the structure of the human body com-
prising bone 240 and fixated in the plate 2425 of the fixating
member 241b. The first fixating member 241a and the
second fixating member 2415 clamp the structure of the
human body comprising bone 240. The fixating member
241a could be in contact with a connecting arm 244 which
in turn could be in contact with a heart pump device.

FIG. 53 shows an embodiment where the implantable
device 1 is adapted to be fixated to the sternum 250 of a
human patient. The device is fixated using a fixating member
2415 which is fixated to the sternum using screws 243.
However the implantable device could be fixated to the
sternum 250 of a human patent using any of the ways to
place the fixating members described previously.

FIG. 54 shows an embodiment where the implantable
device 1 is adapted to be fixated to two ribs 251, 252. A
fixating member 241 comprising a plate 2425 is fixated with
screws adapted to fixate the fixating member to the cortex of
the ribs.

FIG. 55 shows an embodiment where the implantable
device 1 is adapted to be fixated to two ribs 251, 252. A first
plate 2424 is provided on the posterior side of the rib cage,
whereas a second plate 24256 is provided in the anterior side
of'the rib cage. Screws 243 penetrate the ribs and fixates the
first plate 242a to the second plate 2425. The tightening of
the screws creates a clamping effect of the ribs 251,251 and
provides the fixation of the implantable device 1. In another
embodiment (not shown) the screws 243 are placed between
the ribs 251,252 and that ways provides a clamping effect of
the ribs 251,252.

FIG. 56 shows an embodiment where the implantable
device 1 is adapted to be fixated to one rib 252. A plate 2424
is provided on the posterior side of the rib cage and screws
243 are provided from the outside thereof, penetrating the
rib 252 and fixating the plate 242a to the rib 252.

FIG. 57 shows an embodiment where the implantable
device 1 is adapted to be fixated to one rib 252 using cord
or band 254, this way there is no need to penetrate the rib
252. However the implantable device could be fixated to the
ribcage of a human patent using any of the ways to place the
fixating members described previously.

FIG. 58 shows an embodiment where the implantable
device 1 is adapted to be fixated to a vertebra 255 of the
vertebral column. A fixating member 241 is fixated to the
vertebra 255 using screws 243. The implantable device
further comprises a connecting arm 244 that connects the
implantable device 1 to the fixating member 241.
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FIG. 59 shows an embodiment where the implantable
device 1 is adapted to be fixated to two vertebras 255, 256
of the vertebral column. A fixating member 241 is fixated to
the two vertebras 255, 256 using screws 243. The implant-
able device further comprises a connecting arm 244 that
connects the implantable device 1 to the fixating member
241.

FIG. 60 shows an embodiment where the implantable
device is adapted to be fixated to a vertebra 255 of the
vertebral column by clamping said vertebra 255. Two fix-
ating members 241a, 2415 is placed on two sides of the
vertebra and an attachment comprising screws 243 clamps
the vertebra between the first and second fixating members
241a,b. The implantable device further comprises a con-
necting arm 244 that connects the implantable device 1 to
the fixating member 241.

In all of the above mentioned embodiments the means of
attachment could be replaced with other mechanical attach-
ments or an adhesive. Other mechanical attachments suit-
able could be: pop-rivets, nails, staples, band or cord. The
mechanical fixating members could be of a metallic or
ceramic material. Suitable metallic materials could be tita-
nium or surgical steel.

FIG. 61 shows an embodiment where the heart contacting
organ 2 is adapted to compress the heart H to assist the pump
function thereof. A stimulation device 907 is attached to the
heart contacting organ 2 and is adapted to stimulate the heart
H to achieve an additional assistance of said pump function
after the heart contacting organ 2 has placed the heart in the
compressed state. According to an embodiment the heart
contacting organ is attached to a connecting arm 244 which
in turn is attached to a mechanical, electrical or hydraulic
operating device 172 which operates the heart contacting
organ 2. The operating device 172 is in turn attached a
fixating member which fixates the device to a structure of the
human body comprising bone 244 using mechanical fixating
members such as screws, or adhesive. A control device 176
for controlling the operating device 172 in accordance with
any of the embodiments described in this application is in
connection with said operating device 172 though a con-
necting member 906. However it is also conceivable that the
control device 176 communicates wirelessly with the oper-
ating device 172.

FIG. 62 illustrates a system for treating a disease com-
prising an apparatus 10 placed in the abdomen of a patient.
An implanted energy-transforming device 1002 is adapted to
supply energy consuming components of the apparatus with
energy via a power supply line 1003. An external energy-
transmission device 1004 for non-invasively energizing the
apparatus 10 transmits energy by at least one wireless energy
signal. The implanted energy-transforming device 1002
transforms energy from the wireless energy signal into
electric energy which is supplied via the power supply line
1003.

The implanted energy-transforming device 1002 may also
comprise other components, such as: a coil for reception
and/or transmission of signals and energy, an antenna for
reception and/or transmission of signals, a microcontroller,
a charge control unit, optionally comprising an energy
storage, such as a capacitor, one or more sensors, such as
temperature sensor, pressure sensor, position sensor, motion
sensor etc., a transceiver, a motor, optionally including a
motor controller, a pump, and other parts for controlling the
operation of a medical implant.

The wireless energy signal may include a wave signal
selected from the following: a sound wave signal, an ultra-
sound wave signal, an electromagnetic wave signal, an
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infrared light signal, a visible light signal, an ultra violet
light signal, a laser light signal, a micro wave signal, a radio
wave signal, an x-ray radiation signal and a gamma radiation
signal. Alternatively, the wireless energy signal may include
an electric or magnetic field, or a combined electric and
magnetic field.

The wireless energy-transmission device 1004 may trans-
mit a carrier signal for carrying the wireless energy signal.
Such a carrier signal may include digital, analogue or a
combination of digital and analogue signals. In this case, the
wireless energy signal includes an analogue or a digital
signal, or a combination of an analogue and digital signal.

Generally speaking, the energy-transforming device 1002
is provided for transforming wireless energy of a first form
transmitted by the energy-transmission device 1004 into
energy of a second form, which typically is different from
the energy of the first form. The implanted apparatus 10 is
operable in response to the energy of the second form. The
energy-transforming device 1002 may directly power the
apparatus with the second form energy, as the energy-
transforming device 1002 transforms the first form energy
transmitted by the energy-transmission device 1004 into the
second form energy. The system may further include an
implantable accumulator, wherein the second form energy is
used at least partly to charge the accumulator.

Alternatively, the wireless energy transmitted by the
energy-transmission device 1004 may be used to directly
power the apparatus, as the wireless energy is being trans-
mitted by the energy-transmission device 1004. Where the
system comprises an operation device for operating the
apparatus, as will be described below, the wireless energy
transmitted by the energy-transmission device 1004 may be
used to directly power the operation device to create kinetic
energy for the operation of the apparatus.

The wireless energy of the first form may comprise sound
waves and the energy-transforming device 1002 may
include a piezo-electric element for transforming the sound
waves into electric energy. The energy of the second form
may comprise electric energy in the form of a direct current
or pulsating direct current, or a combination of a direct
current and pulsating direct current, or an alternating current
or a combination of a direct and alternating current. Nor-
mally, the apparatus comprises electric components that are
energized with electrical energy. Other implantable electric
components of the system may be at least one voltage level
guard or at least one constant current guard connected with
the electric components of the apparatus.

Optionally, one of the energy of the first form and the
energy of the second form may comprise magnetic energy,
kinetic energy, sound energy, chemical energy, radiant
energy, electromagnetic energy, photo energy, nuclear
energy or thermal energy. Preferably, one of the energy of
the first form and the energy of the second form is non-
magnetic, non-kinetic, non-chemical, non-sonic, non-
nuclear or non-thermal.

The energy-transmission device may be controlled from
outside the patient’s body to release electromagnetic wire-
less energy, and the released electromagnetic wireless
energy is used for operating the apparatus. Alternatively, the
energy-transmission device is controlled from outside the
patient’s body to release non-magnetic wireless energy, and
the released non-magnetic wireless energy is used for oper-
ating the apparatus.

The external energy-transmission device 1004 also
includes a wireless remote control having an external signal
transmitter for transmitting a wireless control signal for
non-invasively controlling the apparatus. The control signal
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is received by an implanted signal receiver which may be
incorporated in the implanted energy-transforming device
1002 or be separate there from.

The wireless control signal may include a frequency,
amplitude, or phase modulated signal or a combination
thereof. Alternatively, the wireless control signal includes an
analogue or a digital signal, or a combination of an analogue
and digital signal. Alternatively, the wireless control signal
comprises an electric or magnetic field, or a combined
electric and magnetic field.

The wireless remote control may transmit a carrier signal
for carrying the wireless control signal. Such a carrier signal
may include digital, analogue or a combination of digital and
analogue signals. Where the control signal includes an
analogue or a digital signal, or a combination of an analogue
and digital signal, the wireless remote control preferably
transmits an electromagnetic carrier wave signal for carrying
the digital or analogue control signals.

FIG. 63 illustrates the system of FIG. 62 in the form of a
more generalized block diagram showing the apparatus 10,
the energy-transforming device 1002 powering the appara-
tus 10 via power supply line 1003, and the external energy-
transmission device 1004, The patient’s skin 1005, generally
shown by a vertical line, separates the interior of the patient
to the right of the line from the exterior to the left of the line.

FIG. 64 shows an embodiment identical to that of FIG. 63,
except that a reversing device in the form of an electric
switch 1006 operable for example by polarized energy also
is implanted in the patient for reversing the apparatus 10.
When the switch is operated by polarized energy the wire-
less remote control of the external energy-transmission
device 1004 transmits a wireless signal that carries polarized
energy and the implanted energy-transforming device 1002
transforms the wireless polarized energy into a polarized
current for operating the electric switch 1006. When the
polarity of the current is shifted by the implanted energy-
transforming device 1002 the electric switch 1006 reverses
the function performed by the apparatus 10.

FIG. 65 shows an embodiment identical to that of FIG. 63,
except that an operation device 1007 implanted in the patient
for operating the apparatus 10 is provided between the
implanted energy-transforming device 1002 and the appa-
ratus 10. This operation device can be in the form of a motor
1007, such as an electric servomotor. The motor 1007 is
powered with energy from the implanted energy-transform-
ing device 1002, as the remote control of the external
energy-transmission device 1004 transmits a wireless signal
to the receiver of the implanted energy-transforming device
1002.

FIG. 66 shows an embodiment identical to that of FIG. 63,
except that it also comprises an operation device is in the
form of an assembly 1008 including a motor/pump unit 1009
and a fluid reservoir 1010 is implanted in the patient. In this
case the apparatus 10 is hydraulically operated, i.e. hydraulic
fluid is pumped by the motor/pump unit 1009 from the fluid
reservoir 1010 through a conduit 1011 to the apparatus 10 to
operate the apparatus, and hydraulic fluid is pumped by the
motor/pump unit 1009 back from the apparatus 10 to the
fluid reservoir 1010 to return the apparatus to a starting
position. The implanted energy-transforming device 1002
transforms wireless energy into a current, for example a
polarized current, for powering the motor/pump unit 1009
via an electric power supply line 1012.

Instead of a hydraulically operated apparatus 10, it is also
envisaged that the operation device comprises a pneumatic
operation device. In this case, the hydraulic fluid can be
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pressurized air to be used for regulation and the fluid
reservoir is replaced by an air chamber.

In all of these embodiments the energy-transforming
device 1002 may include a rechargeable accumulator like a
battery or a capacitor to be charged by the wireless energy
and supplies energy for any energy consuming part of the
system.

As an alternative, the wireless remote control described
above may be replaced by manual control of any implanted
part to make contact with by the patient’s hand most likely
indirect, for example a press button placed under the skin.

FIG. 67 shows an embodiment comprising the external
energy-transmission device 1004 with its wireless remote
control, the apparatus 10, in this case hydraulically operated,
and the implanted energy-transforming device 1002, and
further comprising a hydraulic fluid reservoir 1013, a motor/
pump unit 1009 and an reversing device in the form of a
hydraulic valve shifting device 1014, all implanted in the
patient. Of course the hydraulic operation could easily be
performed by just changing the pumping direction and the
hydraulic valve may therefore be omitted. The remote
control may be a device separated from the external energy-
transmission device or included in the same. The motor of
the motor/pump unit 1009 is an electric motor. In response
to a control signal from the wireless remote control of the
external energy-transmission device 1004, the implanted
energy-transforming device 1002 powers the motor/pump
unit 1009 with energy from the energy carried by the control
signal, whereby the motor/pump unit 1009 distributes
hydraulic fluid between the hydraulic fluid reservoir 1013
and the apparatus 10. The remote control of the external
energy-transmission device 1004 controls the hydraulic
valve shifting device 1014 to shift the hydraulic fluid flow
direction between one direction in which the fluid is pumped
by the motor/pump unit 1009 from the hydraulic fluid
reservoir 1013 to the apparatus 10 to operate the apparatus,
and another opposite direction in which the fluid is pumped
by the motor/pump unit 1009 back from the apparatus 10 to
the hydraulic fluid reservoir 1013 to return the apparatus to
a starting position.

FIG. 68 shows an embodiment comprising the external
energy-transmission device 1004 with its wireless remote
control, the apparatus 10, the implanted energy-transform-
ing device 1002, an implanted internal control unit 1015
controlled by the wireless remote control of the external
energy-transmission device 1004, an implanted accumulator
1016 and an implanted capacitor 1017. The internal control
unit 1015 arranges storage of electric energy received from
the implanted energy-transforming device 1002 in the accu-
mulator 1016, which supplies energy to the apparatus 10. In
response to a control signal from the wireless remote control
of the external energy-transmission device 1004, the internal
control unit 1015 either releases electric energy from the
accumulator 1016 and transfers the released energy via
power lines 1018 and 1019, or directly transfers electric
energy from the implanted energy-transforming device 1002
via a power line 1020, the capacitor 1017, which stabilizes
the electric current, a power line 1021 and the power line
1019, for the operation of the apparatus 10.

The internal control unit is preferably programmable from
outside the patient’s body. In a preferred embodiment, the
internal control unit is programmed to regulate the apparatus
10 according to a pre-programmed time-schedule or to input
from any sensor sensing any possible physical parameter of
the patient or any functional parameter of the system.
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In accordance with an alternative, the capacitor 1017 in
the embodiment of FIG. 7 10 may be omitted. In accordance
with another alternative, the accumulator 1016 in this
embodiment may be omitted.

FIG. 69 shows an embodiment identical to that of FIG. 63,
except that a battery 1022 for supplying energy for the
operation of the apparatus 10 and an electric switch 1023 for
switching the operation of the apparatus 10 also are
implanted in the patient. The electric switch 1023 may be
controlled by the remote control and may also be operated
by the energy supplied by the implanted energy-transform-
ing device 1002 to switch from an off mode, in which the
battery 1022 is not in use, to an on mode, in which the
battery 1022 supplies energy for the operation of the appa-
ratus 10.

FIG. 70 shows an embodiment identical to that of FIG. 69,
except that an internal control unit 1015 controllable by the
wireless remote control of the external energy-transmission
device 1004 also is implanted in the patient. In this case, the
electric switch 1023 is operated by the energy supplied by
the implanted energy-transforming device 1002 to switch
from an off mode, in which the wireless remote control is
prevented from controlling the internal control unit 1015 and
the battery is not in use, to a standby mode, in which the
remote control is permitted to control the internal control
unit 1015 to release electric energy from the battery 1022 for
the operation of the apparatus 10.

FIG. 71 shows an embodiment identical to that of FIG. 70,
except that an accumulator 1016 is substituted for the battery
1022 and the implanted components are interconnected
differently. In this case, the accumulator 1016 stores energy
from the implanted energy-transforming device 1002. In
response to a control signal from the wireless remote control
of the external energy-transmission device 1004, the internal
control unit 1015 controls the electric switch 1023 to switch
from an off mode, in which the accumulator 1016 is not in
use, to an on mode, in which the accumulator 1016 supplies
energy for the operation of the apparatus 10. The accumu-
lator may be combined with or replaced by a capacitor.

FIG. 72 shows an embodiment identical to that of FIG. 71,
except that a battery 1022 also is implanted in the patient and
the implanted components are interconnected differently. In
response to a control signal from the wireless remote control
of the external energy-transmission device 1004, the internal
control unit 1015 controls the accumulator 1016 to deliver
energy for operating the electric switch 1023 to switch from
an off mode, in which the battery 1022 is not in use, to an
on mode, in which the battery 1022 supplies electric energy
for the operation of the apparatus 10.

Alternatively, the electric switch 1023 may be operated by
energy supplied by the accumulator 1016 to switch from an
off mode, in which the wireless remote control is prevented
from controlling the battery 1022 to supply electric energy
and is not in use, to a standby mode, in which the wireless
remote control is permitted to control the battery 1022 to
supply electric energy for the operation of the apparatus 10.

It should be understood that the switch 1023 and all other
switches in this application should be interpreted in its
broadest embodiment. This means a transistor, MCU,
MCPU, ASIC, FPGA or a DA converter or any other
electronic component or circuit that may switch the power
on and off. Preferably the switch is controlled from outside
the body, or alternatively by an implanted internal control
unit.

FIG. 73 shows an embodiment identical to that of FIG. 69,
except that a motor 1007, a mechanical reversing device in
the form of a gear box 1024, and an internal control unit
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1015 for controlling the gear box 1024 also are implanted in
the patient. The internal control unit 1015 controls the gear
box 1024 to reverse the function performed by the apparatus
10 (mechanically operated). Even simpler is to switch the
direction of the motor electronically. The gear box inter-
preted in its broadest embodiment may stand for a servo
arrangement saving force for the operation device in favour
of longer stroke to act.

FIG. 74 shows an embodiment identical to that of FIG. 73
except that the implanted components are interconnected
differently. Thus, in this case the internal control unit 1015
is powered by the battery 1022 when the accumulator 1016,
suitably a capacitor, activates the electric switch 1023 to
switch to an on mode. When the electric switch 1023 is in
its on mode the internal control unit 1015 is permitted to
control the battery 1022 to supply, or not supply, energy for
the operation of the apparatus 10.

FIG. 75 schematically shows conceivable combinations
of implanted components of the apparatus for achieving
various communication options. Basically, there are the
apparatus 10, the internal control unit 1015, motor or pump
unit 1009, and the external energy-transmission device 1004
including the external wireless remote control. As already
described above the wireless remote control transmits a
control signal which is received by the internal control unit
1015, which in turn controls the various implanted compo-
nents of the apparatus.

A feedback device, preferably comprising a sensor or
measuring device 1025, may be implanted in the patient for
sensing a physical parameter of the patient. The physical
parameter may be at least one selected from the group
consisting of pressure, volume, diameter, stretching, elon-
gation, extension, movement, bending, elasticity, muscle
contraction, nerve impulse, body temperature, blood pres-
sure, blood flow, heartbeats and breathing. The sensor may
sense any of the above physical parameters. For example,
the sensor may be a pressure or motility sensor. Alterna-
tively, the sensor 1025 may be arranged to sense a functional
parameter. The functional parameter may be correlated to
the transfer of energy for charging an implanted energy
source and may further include at least one selected from the
group of parameters consisting of; electricity, any electrical
parameter, pressure, volume, diameter, stretch, elongation,
extension, movement, bending, elasticity, temperature and
flow.

The feedback may be sent to the internal control unit or
out to an external control unit preferably via the internal
control unit. Feedback may be sent out from the body via the
energy transfer system or a separate communication system
with receiver and transmitters.

The internal control unit 1015, or alternatively the exter-
nal wireless remote control of the external energy-transmis-
sion device 1004, may control the apparatus 10 in response
to signals from the sensor 1025. A transceiver may be
combined with the sensor 1025 for sending information on
the sensed physical parameter to the external wireless
remote control. The wireless remote control may comprise a
signal transmitter or transceiver and the internal control unit
1015 may comprise a signal receiver or transceiver. Alter-
natively, the wireless remote control may comprise a signal
receiver or transceiver and the internal control unit 1015
may comprise a signal transmitter or transceiver. The above
transceivers, transmitters and receivers may be used for
sending information or data related to the apparatus 10 from
inside the patient’s body to the outside thereof.

Where the motor/pump unit 1009 and battery 1022 for
powering the motor/pump unit 1009 are implanted, infor-
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mation related to the charging of the battery 1022 may be fed
back. To be more precise, when charging a battery or
accumulator with energy feed back information related to
said charging process is sent and the energy supply is
changed accordingly.

FIG. 76 shows an alternative embodiment wherein the
apparatus 10 is regulated from outside the patient’s body.
The system 1000 comprises a battery 1022 connected to the
apparatus 10 via a subcutaneous electric switch 1026. Thus,
the regulation of the apparatus 10 is performed non-inva-
sively by manually pressing the subcutaneous switch,
whereby the operation of the apparatus 10 is switched on and
off. It will be appreciated that the shown embodiment is a
simplification and that additional components, such as an
internal control unit or any other part disclosed in the present
application can be added to the system. Two subcutaneous
switches may also be used. In the preferred embodiment one
implanted switch sends information to the internal control
unit to perform a certain predetermined performance and
when the patient press the switch again the performance is
reversed.

FIG. 77 shows an alternative embodiment, wherein the
system 1000 comprises a hydraulic fluid reservoir 1013
hydraulically connected to the apparatus. Non-invasive
regulation is performed by manually pressing the hydraulic
reservoir connected to the apparatus.

The system may include an external data communicator
and an implantable internal data communicator communi-
cating with the external data communicator. The internal
communicator feeds data related to the apparatus or the
patient to the external data communicator and/or the external
data communicator feeds data to the internal data commu-
nicator.

FIG. 78 schematically illustrates an arrangement of the
system that is capable of sending information from inside
the patient’s body to the outside thereof to give feedback
information related to at least one functional parameter of
the apparatus or system, or related to a physical parameter
of the patient, in order to supply an accurate amount of
energy to an implanted internal energy receiver 1002 con-
nected to implanted energy consuming components of the
apparatus 10. Such an energy receiver 1002 may include an
energy source and/or an energy-transforming device. Briefly
described, wireless energy is transmitted from an external
energy source 1004a located outside the patient and is
received by the internal energy receiver 1002 located inside
the patient. The internal energy receiver is adapted to
directly or indirectly supply received energy to the energy
consuming components of the apparatus 10 via a switch
1026. An energy balance is determined between the energy
received by the internal energy receiver 1002 and the energy
used for the apparatus 10, and the transmission of wireless
energy is then controlled based on the determined energy
balance. The energy balance thus provides an accurate
indication of the correct amount of energy needed, which is
sufficient to operate the apparatus 10 properly, but without
causing undue temperature rise.

In FIG. 78 the patient’s skin is indicated by a vertical line
1005. Here, the energy receiver comprises an energy-trans-
forming device 1002 located inside the patient, preferably
just beneath the patient’s skin 1005. Generally speaking, the
implanted energy-transforming device 1002 may be placed
in the abdomen, thorax, muscle fascia (e.g. in the abdominal
wall), subcutaneously, or at any other suitable location. The
implanted energy-transforming device 1002 is adapted to
receive wireless energy E transmitted from the external
energy-source 1004a provided in an external energy-trans-
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mission device 1004 located outside the patient’s skin 1005
in the vicinity of the implanted energy-transforming device
1002.

As is well known in the art, the wireless energy E may
generally be transferred by means of any suitable Transcu-
taneous Energy Transfer (TET) device, such as a device
including a primary coil arranged in the external energy
source 1004a and an adjacent secondary coil arranged in the
implanted energy-transforming device 1002. When an elec-
tric current is fed through the primary coil, energy in the
form of a voltage is induced in the secondary coil which can
be used to power the implanted energy consuming compo-
nents of the apparatus, e.g. after storing the incoming energy
in an implanted energy source, such as a rechargeable
battery or a capacitor. However, the present invention is
generally not limited to any particular energy transfer tech-
nique, TET devices or energy sources, and any kind of
wireless energy may be used.

The amount of energy received by the implanted energy
receiver may be compared with the energy used by the
implanted components of the apparatus. The term “energy
used” is then understood to include also energy stored by
implanted components of the apparatus. A control device
includes an external control unit 10044 that controls the
external energy source 1004a based on the determined
energy balance to regulate the amount of transferred energy.
In order to transfer the correct amount of energy, the energy
balance and the required amount of energy is determined by
means of a determination device including an implanted
internal control unit 1015 connected between the switch
1026 and the apparatus 10. The internal control unit 1015
may thus be arranged to receive various measurements
obtained by suitable sensors or the like, not shown, mea-
suring certain characteristics of the apparatus 10, somehow
reflecting the required amount of energy needed for proper
operation of the apparatus 10. Moreover, the current condi-
tion of the patient may also be detected by means of suitable
measuring devices or sensors, in order to provide parameters
reflecting the patient’s condition. Hence, such characteris-
tics and/or parameters may be related to the current state of
the apparatus 10, such as power consumption, operational
mode and temperature, as well as the patient’s condition
reflected by parameters such as; body temperature, blood
pressure, heartbeats and breathing. Other kinds of physical
parameters of the patient and functional parameters of the
device are described elsewhere.

Furthermore, an energy source in the form of an accu-
mulator 1016 may optionally be connected to the implanted
energy-transforming device 1002 via the control unit 1015
for accumulating received energy for later use by the appa-
ratus 10. Alternatively or additionally, characteristics of such
an accumulator, also reflecting the required amount of
energy, may be measured as well. The accumulator may be
replaced by a rechargeable battery, and the measured char-
acteristics may be related to the current state of the battery,
any electrical parameter such as energy consumption volt-
age, temperature, etc. In order to provide sufficient voltage
and current to the apparatus 10, and also to avoid excessive
heating, it is clearly understood that the battery should be
charged optimally by receiving a correct amount of energy
from the implanted energy-transforming device 1002, i.e.
not too little or too much. The accumulator may also be a
capacitor with corresponding characteristics.

For example, battery characteristics may be measured on
a regular basis to determine the current state of the battery,
which then may be stored as state information in a suitable
storage means in the internal control unit 1015. Thus,
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whenever new measurements are made, the stored battery
state information can be updated accordingly. In this way,
the state of the battery can be “calibrated” by transferring a
correct amount of energy, so as to maintain the battery in an
optimal condition.

Thus, the internal control unit 1015 of the determination
device is adapted to determine the energy balance and/or the
currently required amount of energy, (either energy per time
unit or accumulated energy) based on measurements made
by the above-mentioned sensors or measuring devices of the
apparatus 10, or the patient, or an implanted energy source
if used, or any combination thereof. The internal control unit
1015 is further connected to an internal signal transmitter
1027, arranged to transmit a control signal reflecting the
determined required amount of energy, to an external signal
receiver 1004¢ connected to the external control unit 10045.
The amount of energy transmitted from the external energy
source 1004a may then be regulated in response to the
received control signal.

Alternatively, the determination device may include the
external control unit 10045. In this alternative, sensor mea-
surements can be transmitted directly to the external control
unit 10045 wherein the energy balance and/or the currently
required amount of energy can be determined by the external
control unit 10045, thus integrating the above-described
function of the internal control unit 1015 in the external
control unit 10045. In that case, the internal control unit
1015 can be omitted and the sensor measurements are
supplied directly to the internal signal transmitter 1027
which sends the measurements over to the external signal
receiver 1004¢ and the external control unit 10045. The
energy balance and the currently required amount of energy
can then be determined by the external control unit 10045
based on those sensor measurements.

Hence, the present solution according to the arrangement
of FIG. 78 employs the feed back of information indicating
the required energy, which is more efficient than previous
solutions because it is based on the actual use of energy that
is compared to the received energy, e.g. with respect to the
amount of energy, the energy difference, or the energy
receiving rate as compared to the energy rate used by
implanted energy consuming components of the apparatus.
The apparatus may use the received energy either for con-
suming or for storing the energy in an implanted energy
source or the like. The different parameters discussed above
would thus be used if relevant and needed and then as a tool
for determining the actual energy balance. However, such
parameters may also be needed per se for any actions taken
internally to specifically operate the apparatus.

The internal signal transmitter 1027 and the external
signal receiver 1004¢ may be implemented as separate units
using suitable signal transfer means, such as radio, IR
(Infrared) or ultrasonic signals. Alternatively, the internal
signal transmitter 1027 and the external signal receiver
1004¢ may be integrated in the implanted energy-transform-
ing device 1002 and the external energy source 1004a,
respectively, so as to convey control signals in a reverse
direction relative to the energy transfer, basically using the
same transmission technique. The control signals may be
modulated with respect to frequency, phase or amplitude.

Thus, the feedback information may be transferred either
by a separate communication system including receivers and
transmitters or may be integrated in the energy system. In
accordance, such an integrated information feedback and
energy system comprises an implantable internal energy
receiver for receiving wireless energy, the energy receiver
having an internal first coil and a first electronic circuit
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connected to the first coil, and an external energy transmitter
for transmitting wireless energy, the energy transmitter
having an external second coil and a second electronic
circuit connected to the second coil. The external second coil
of the energy transmitter transmits wireless energy which is
received by the first coil of the energy receiver. This system
further comprises a power switch for switching the connec-
tion of the internal first coil to the first electronic circuit on
and off, such that feedback information related to the charg-
ing of the first coil is received by the external energy
transmitter in the form of an impedance variation in the load
of the external second coil, when the power switch switches
the connection of the internal first coil to the first electronic
circuit on and off. In implementing this system in the
arrangement of FIG. 78, the switch 1026 is either separate
and controlled by the internal control unit 1015, or inte-
grated in the internal control unit 1015. It should be under-
stood that the switch 1026 should be interpreted in its
broadest embodiment. This means a transistor, MCU,
MCPU, ASIC FPGA or a DA converter or any other elec-
tronic component or circuit that may switch the power on
and off.

To conclude, the energy supply arrangement illustrated in
FIG. 78 may operate basica